CIHM 
Microfiche 
Series 
(l\Aonographs) 


ICMH 

Collection  de 
microfiches 
(monographies) 


Canadian  Inttituta  for  Hiatorical  Microraqroductiona  /  InitKut  Canadian  da  microraproduction*  historiquaa 


©1996 


Technical  and  Bibliographic  Notes  /  Notes  technique  et  bitjliographiques 


The  Institute  has  attempted  to  obtain  the  best  original 
copy  available  for  filming.  Features  of  this  copy  which 
may  be  bibliographically  unique,  which  may  alter  any  of 
the  images  in  the  reproduction,  or  which  may 
significantly  change  the  usual  method  of  filming  are 
checked  below. 


n 
n 

D 
D 
D 

D 

D 

D 

D 

D 


Cokxired  covers  / 
Couverture  de  couleur 

Coveis  damaged/ 
Couvr<rture  endommagte 

Covers  lestored  and/or  laminated  / 
Couverture  lestauree  et/ou  pellicula 

Cover  title  missing  /  Le  titre  de  couverture  manque 

Coloured  maps  /  Cartes  geographlques  en  couleur 

Coloured  ink  (i.e.  other  than  tjlue  or  black)  / 
Encre  de  couleur  (i.e.  autra  que  tileue  ou  noire) 

Coloured  plates  and/or  illustratkms  / 
Planches  et/ou  illustratk)ns  en  couleur 

Bound  with  other  material  / 
ReM  avec  d'autres  documents 

Only  editun  available  / 
Seule  Mitk>n  disponible 

Tight  binding  may  cause  shadows  or  distortion 
along  interior  margin  /  La  reliure  serr6e  peut 
causer  de  I'ombre  ou  de  la  distotsion  le  long  de 
ta  marge  int^rieure. 

Blank  leaves  added  during  restoratkxis  may  appear 
within  the  text.  Whenever  possible,  these  have 
been  omitted  from  filming  /  II  se  peut  que  certaines 
pages  blanches  ajoutees  lors  d'une  restauratlon 
appaiaissent  dans  le  texte,  mais,  kxsque  cela  itait 
possible,  ces  pages  n'ont  pas  iU  film^es. 


L'Institut  a  microfilms  le  meilleur  examplaire  qu'il  lui  a 
6t6  possible  de  se  procurer.  Les  details  de  cet  exem- 
plaire  qui  sont  peut-6tre  uniques  du  point  de  vue  bibli- 
ographique,  qui  peuvent  modifier  une  image  t«produite, 
ou  qui  peuvent  exiger  une  modifications  dans  la  m6th- 
ode  nomiale  de  filmage  sont  indiquSs  ci-dessous. 

r~]      Coloured  pages  /  Pages  de  couleur 

I     I      Pages  damaged/ Pages endommagSes 

I     I      Pages  restored  and/or  laminated/ 
— '      Pages  restaur6es  et/ou  pellnultes 

r^      Pages  discoloured,  stained  or  foxed  / 
Pages  decotorSes,  tachet^es  ou  pk)u6es 

[3^    Pages  detached/ Pages d«tach«es 

1^/      Showthrough  /  Transparence 

I     I     Quality  of  print  varies  / 

' — '      Qualit*  in^gale  de  I'impresston 

I     I      Includes  supplementary  material  / 

Comprend  du  materiel  suppKmentaire 

I  I  Pages  wholly  or  partially  obscured  by  errata 
—  slips,  tissues,  etc.,  have  been  refilmed  to 
ensure  the  best  possible  image  /  Les  pages 
totalement  ou  partiellement  obscurcies  par  un 
feuillet  d'errata,  une  pelure,  etc.,  ont  He  filmtes 
k  nouveau  de  fafon  d  obtenir  la  meilleure 
image  possible. 

I  I  Opposing  pages  with  varying  colouration  or 
discolourations  are  filmed  twtee  to  ensure  the 
best  possible  image  /  Les  pages  s'opposant 
ayant  des  colorations  variables  ou  des  decol- 
orations sont  filmtes  deux  fois  afin  d'obtenir  la 
meilleur  image  possible. 


0 


Addtkxial  comments  / 
Commentaires  suppKmentaires: 


Pasfnatlon  <s  «  follon  :  p.  [a],  121-163,  [18],  [18S]-2W,  [16] 


Tliit  inm  11  filmad  *t  tlw  nductian  mio  chadnd  balow/ 

C*  docMnnt  tst  filmi  u  uux  dt  rMuetian  indiqiM  ci-dntoui. 

'OX  14X  1SX 


»x 


22X 


26X 


y 


Ux 


Th*  copy  filmad  hara  hat  baan  raproducad  thanki 
to  tha  ganaroiity  of: 

National  Library  of  Canada 


L'axa 
9an*i 


Tha  imagai  appaaring  hara  ara  tha  baat  quality 
poaaibia  eonaidaring  tha  condition  and  lagibillty 
of  tha  original  copy  and  in  kaoping  with  tha 
filming  contract  apacif ieationa. 


La*  if 
pluai 
da  la 
eonfc 
fllma 


Original  copiaa  in  printad  papar  covara  ara  fllmad 
baginning  with  tl«a  front  covar  and  anding  on 
tha  laat  paga  with  a  printad  or  illuatratad  impraa- 
lion,  or  tha  back  covar  whan  appropriata.  All 
othor  original  copiaa  ara  filmad  baginning  on  tha 
flrit  paga  with  a  printad  or  Illuatratad  Impraa- 
aion.  and  anding  on  tha  laat  paga  with  a  printad 
or  Illuatratad  impraaaion. 


Laaa 

papii 
pari) 
darni 
d'imf 
plat, 
origii 
pram 
d'Imf 
ladai 
ampr 


Tha  laat  racordad  frama  on  aach  microficha 
ahall  contain  tha  lymbol  ^»  Imaaning  "CON- 
TINUED"), or  tha  symbol  V  Imaaning  "END"), 
whichavar  appliaa. 


Und( 
darni 

cat:  I 
tymb 


Mapa.  platai.  charti.  ate,  may  ba  fllmad  at 
diffarant  raduction  ratioa.  Thota  too  larga  to  ba 
antiraiy  includad  in  ona  axpoaura  ara  filmad 
baginning  in  tha  uppar  laft  hand  eornar,  laft  to 
right  and  top  to  bonom,  ai  many  framaa  aa 
raquirad.  Tha  following  diagrams  illustrata  tha 
mathod: 


Lase 
fllm« 
Lorsc 
raprc 
dal'i 
at  da 
d'Imi 
ill-ist 


1  2  3 


1 

2 

4 

5 

L'aiitmpliir*  fllmt  fut  rtproduit  grtc*  i  la 
gin*rotiti  dt: 

Bibllotheque  natlonale  du  Canada 


Cm  imagn  (uivantM  ont  M  raproduitM  avtc  la 
plua  grand  aoin.  eompta  tanu  da  la  eondiiion  at 
da  la  nanata  da  I'aiamplaira  filma,  at  an 
eonformita  avac  laa  eonditiona  du  eontrat  da 
fllmaga. 

Laa  axamplairaa  originauii  dont  la  couvartura  an 
papiar  aat  imprlmaa  aont  fllmai  an  commandant 
par  la  pramlar  plat  at  an  tarmlnant  toit  par  la 
darnitra  paga  qui  eomporta  una  amprainta 
d'impraaaion  ou  d'illuatration.  toit  par  la  lacond 
plat,  talon  la  oaa.  Toua  laa  autrat  axamplairat 
eriginaux  tont  fllmaa  an  commandant  par  la 
pramiara  paga  qui  eomporta  una  amprainta 
d'impraaaion  ou  d'illuatration  at  an  tarminant  par 
la  darniira  paga  qui  eomporta  una  talla 
amprainta. 

Un  daa  tymbolaa  tuivanta  tpparaitra  lur  la 
darnitra  imaga  da  chaqua  microfiche,  talon  la 
cat:  la  tymbola  -^  tignifia  "A  SUIVRE".  la 
tymbola  V  tignifia  "FIN". 

Lat  eartat.  planchat,  tableaux,  etc..  peuvent  itre 
filmta  t  daa  taux  da  rtduction  diffarantt. 
Lortqua  la  document  eat  trop  grand  pour  itra 
raproduit  an  un  taul  cliche,  il  eat  filma  1  partir 
da  Tangle  tupariaur  gaucha,  da  gauche  a  droite. 
et  de  haut  an  bat.  an  pranant  la  nombre 
d'imegea  nicaaaaira.  Lat  diagrammea  tuivantt 
ill-ittrant  la  mathoda. 


2 

3 

5 

6 

MOOCOn    RtSOWTION   TBT   CHART 

(ANSI  and  ISO  TEST  CHART  No    2} 


1.0 


I.I 


If    13.        ■- 

£f    1^    12.0 


1^1^  il 


/APPLIED  IIVHGE    Inc 


1G5]  East  Ho^r  S1r*< 
Rocri»>Hr.  N>*  Tork 
1718)  *82  -Q3D0-  P 
(716)   ?«8-Ma9  -f 


{  \ 


^Wf- 


.STEREOSCOPIC  VISION 


urn  ITS  REUTHM  TO  WTEKSITY  AND  QUAIITY  Of 
LUUiT  SENSATION 


THESIS 


>>»I*««NT8D  TO  THB  UmvERSmr  OF  TORO.VTO  POR  THK 
UEGRPli  QP  DOCTOR  OP  PBIL080PHY 


BY 


T.  R.  I^PBINSON,  B.A. 


««t».»»  from  tke  Univerut/  of  Tomto  Stadn  PtjcliotorMj  Sem. 


STEREOSCOPIC  VISION 


AND  ITS  REIiTION  TO  INTENSITY  AND  QUAUTY  OF 
UOKT  SENSATION 


THESIS 


PRESENTED  TJ  THE  UNIVERSITY  OK  TORONTO  FOR  THK 
DECREE  OP  DOCTOR  OH  PHILOSOPHY 


T.  R.  ROBINSON,  B.A. 


Btprint  from  the  Unlvenity  of  Toronto  Studin.  Psychologie.1  SeriM 


1 


890321 


,1 


i 


j 


To  Tii...  RiMiSTR.ut  oi.-  Til,.:  rxivKKstrv  of  Toronto 

rMvi:Rsirv  ..F  T,.«oi,rn.  "■  KIRSCHMA.VW. 

I'SVCIHiM^iFCAl.    l»ifPAhTJti;\T. 
April  3,  it(<6. 


'I"'.)  V!ii;  Si-;\A 


TK  OF  THi;   T'n-1\  I-HSIIV  OF  ToROXTO. 


I  hctcU  cer'ify  f.M  Ihs  Tllrsi. 


1H<'  Sitinlf  of  \h< 

»"li  the  slrilMt-  in  tlmt  bflialf. 

I'l!';  f\tv(;r.siv\'  '.F  T'mi.NT. 


l«Jvc  iiiiiui.iiie<I  lias  t«n  iccf [111 il 


JAMES  BREBNI5R. 


RPK'^lr  r. 


I 


1/ 


89032 


\..     / 


CONTENTS 


First  Artici.h 


STKRKOSCOPIC  VISION  AND  INTIiNi-ITV 


I.     Ini™liictioii~Staltiiiont  of  tin  PtoW.m 
M.     l''im|).iri>oii  ot  MoMc-ulir  and  Ililwiilar  liilfii<ih  . 
111.     Relmion  „f  Inuntity  t„  Sl.rv',«.n,,i,.  r,n-iptio„  „f  l),,,il, 

I\'.     Hinocular  S>  nrrKies 

V.     Lim'rp— 

1.  Tlicory  nlLuMrc 

2.  Ii>l»riiui'nl>  on  Intmsily  m  „  Cnii.Mlion  n(  I  ii.ir.' 
ri.ATES  1-7 


Second  Artici.h 


■iTElOiOSCOriC    VISION  AND  QI-AMTV  OF  I.ICHT  SKNSATION 


\  J 


I.     Coinptrinon   of    MonocuLr    an.l    Binocular     Inlerwities   in 
Lolored  l.iglil 

II.     Ilino  uUr. Mixture  of  Colors— 

1.     Plain  Colored  Surfaces  Upon  Dark  Field 37 

a.     Stereoscopic  Figures  Upon  Dark  Field ,; 

3.  Mixture  of  CoIore<l  and  Uncolorcd  Impressions 4., 

4.  Milture  of  Colors  CoverinK  Uie  Entire  Vision-Field . .   40 
III.     Stereoscopic  Lustre  from  Differences  of  Intensitv  and  of 

Color  Between  the  Retinal  Images '  5, 

HI.ATBS  I— V. 
CURVES  I— VLI. 


I'l 


STEREOSCOPIC  VISION 

IIND  ITS  RFLATION  TO  INTENSITY  AND  QUILITY  OF 
LIGHT  SENSATION 

FIRST   ARTICLE 

STBREOSCOPIC  VISION.;  AND  INTENSITY 


T.  R.  ROBINSON,  B.A. 


STEREOSCOPIC  VISION  IN  ITS  RELATION  TO  INTEN- 
SITY OF  LIGHT  SENSATION 


I.  INTRODUCTION — STATEMENT  OK  THE  PROBLEM 
Experimental  psychology  no  longer  needs,  as  at  an  earlier 
day,  to  defend  its  claim  to  a  place  among  the  sciences.  The 
fact  is  now  generally  and  cordially  recognized  that  even  those 
phenomena  of  experience  which  are  within  the  domain  of 
physical  science  cannot  be  fully  miderstood  until  they  have 
been  regarded,  not  only  from  the  abstract  point  of  view  of  the 
physical  sciences,  but  also  from  the  direct  standpoint  of  psy- 
chology, i.e.,  the  standpoint  of  immediate  experience.  The 
best  proof  of  this  fact,  if  proof  were  still  needed,  would  be 
furnished  by  such  subjects  as  that  of  which  the  following 
pages  treat,  subjects,  namely,  which  lie  on  the  borderland  of 
the  physical,  the  physiological  and  the  mental,  and  are  of 
about  equal  interest  to  each  of  these  sciences.  We  arc  landed 
in  glaring  inconsistencies  and  contradictions  of  actual  experi- 
ence if  we  attempt  to  treat  such  a  subject  as  visual  perception 
of  depth  or  distance  from  a  purely  physiological  standpoint. 
An  excellent  illustration  of  this  is  afforded  by  a  recent  article 
of  Storch.'  In  an  earlier  article,  Dr.  Storch  had  discussed 
the  point  that  the  perception  of  an  object  does  not  consist  sim- 
ply in  a  complex  of  sensations,  but  that  in  addition  there  is 
a  spacial  element  which  is  essential  to  the  perception  of  an 
object.  This  spacial  element  in  all  our  perceptions,  he  now 
goes  on  to  say,  must  rest  on  the  same  material  process  in  the 
cortex  :  so  that  we  have  a  nervous  organ,  the  excitation  of 
which  comes  into  our  consciousness  as  space.  He  calls  this 
organ  the  stereo-psychic  field,  and  its  anatomical  elements 
stereons.  Each  stereon  sends  its  dendrites  into  our  several 
sensoria,  and  stretches  its  neurites  into  the  motorical  zones. 
In  the  stereons  three  different  chemical  actions  are  going  on, 
each  of  which  is,  as  to  its  intensity,  independent  of  the  others. 
These  processes  we  do  not  notice  directly.  We  notice  only  the 
acceleration  and  retardation  of  them.     To  these  three  "chera- 

■  Der  WilU  und  dit  raumliche  Momml  in  IVahmehmung  und  VoitUllimn 
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»sms,"  or  chemical  Drocp««c  ^ 
the  perceived  ^in^Tu:,^:::^"'':'^  r"«™-'  "' 
down,  near  and  far.  The  oriem!,  ^^*  "'''  '«''•  "P  and 
the  sense  of  sight,  but  can  be  fur^rsh  H  ""'  ^"^"  ^°"«  "y 
ear  labyrinths  and  by  all  other  t  ''  ^"''  »'  "-^'l  by  the 
changes  in  the  ster»-psy,tca  Tm^""'-  "^«''"  'he 
outer  causes,  they  must  Cay  allr'"'^"  '™'"  '"«'  or 
^  one  of  the  possible  combSnTrft  J"  T  "^"^"""^ess 

r™lrSu:e^^^-'---p•^^^^^^^^^^^ 

»:h.ch  Storch  finds  it  nece^  '  °"'  T"=.  "^ ">«  assumptions 
h.s  theory  to  experience.  X  fi"f ','"  ">*  ^PPM^ation  of 
between  what  he  calls  the  ■  visu^  f^Jj^J,  \^  "'^tinguishes 
of  perceived  objects.  "Neither^n  m  ?"  "■"  "^^^  ^""n" 
vsion  is  the  spacial  arrangemem  anTi''"'"'';  ""  '"  ''"°c"'ar 
-e  really  perceive  simply ~bfectiv°™  °'  '"*  '"'"^^  -''"-h 
by  the  stimulus.  Entirely  wfth.  ^'P^'  "bich  is  given 
-  suppressed  by  the     al  form  7  h'^"*"  '"^  "■^"^^'>"» 

element  of  visual  perception  ^=.1         "''J^'^' ^he  spacial 

pendent  of  all  expe'l^en^  Tcaused'b  T"""^"'^'  °''*-^'-^- 
the  visual  form,  which  comes  into  our "^  ""^ .''™'""''  This  is 
complexes  of  a  two  or  thr^e  dimensZ  T'""''"'"'^'^  '^  ^'"^n 
form  or  space  component  flSedbvth""'""  '"'"^  ^^"^ 
the  immediate  element  of  vi™=S  "1,^  '■''"  '™^^  Storch  calls 
Ponent,  which  partiaUy  or  '"  ^.r^''*""'-  ^''^  °ther  corn- 
's the  real  form%f  the'^thLr  whfch  l'T''^=  "'^  f"™-, 
spacial  element,  or  associaL  ^  "^  '^"'  '"^  mediate 

f  on.  This  distinction  XeXrr""".  "'  ^'^"'"  P-cep- 
^  strange  confusion  of  tSran?""  "T'  '"""  '"^"'-^ 
with  Storch-s  theory.  If  tK^"  "  ^"'""^  inconsistent 
not  seen,  but  is  suppressed  or  alZl  T'"  "  '^'  ''^'^"'  '^ 
the  "real  form,"  why  cS  tLf  ^  something  else  called 
Storch's  theory,  since'^colltes  X"  "'''""'''  '  ^«-".  "n 
quality  without  the  exciTati  Jof,  T  ^^"^  "°'  ^P^°^ 

--e  through  the  ex.ta?g--C:rw?-';h^ 
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fonn  that  we  perceive  ;  else  whence  comes  the  "real"  {orm  ? 
For  if  the  latter  is  furnished  neither  in  the  sensation  complex 
nor  by  the  stimulation  of  the  "space-organ,"  whence,  on  this 
physiological  basis,  do  we  get  it  ? 

Another  curious  expression  employed  in  the  development 
of  this  physiological  theory,  and  one  to  which  its  author 
attaches  much  significance,  is  the  "absolute  size"  of  objects. 
It  is  clear,  he  says,  that  if  we  had  nothing  but  visual  percep- 
tions we  should  never  attain  to  the  presentation  of  real  object 
forms.  There  is  another  necessary  property  of  objects  seen, 
which  cannot  be  explained  by  the  perception  simply  ;  it  is  the 
absolute  size.  "  Halte  ich  meine  Hand  etwa  25  cm.  von  meinem 
Gesicht  entfemt,  so  erscheint  sie  nun  keineswegs  doppelt  so 
gross  als  in  50  cm.  Entfemung.  Ich  sehe  sie  in  beiden  Fallen 
in  ihrer  wirklichen  Grosse.  Den  Grossen  der  Netzhaut-bilder 
gemass  durfte  das  nicht  der  Fall  sein."  But  on  this  point  the 
author  of  the  theory  has  -=mply  allowed  it  to  mislead  him  as  to 
the  facts.  The  experiment  has  but  to  be  tried  to  show  at  once 
that  the  case  is  just  exactly  as  he  says  it  is  not.  The  hands 
are  somewhat  too  large  to  be  conveniently  compared  at  the 
distances  at  which  they  can  be  held.  But  if  the  experiment 
be  made  with  two  coins,  say  a  ten-cent  piece  and  a  half-dollar, 
the  former  held  about  a  foot  from  the  eye,  the  latter  about 
two  feet,  they  appear  equal  in  diameter.  To  perceive  them 
so  it  is  only  necessary  to  pay  attention  to  what  is  seen,  and  to 
avoid  being  influenced  by  what  is  known  regarding  the  physical 
measurements  of  the  objects.  The  same  remark  applies  to 
the  other  case  cited,  that  of  a  grown  person  on  the  opposite 
side  of  the  street  appearing  larger  than  a  child  near  to  the 
observer,  although  the  retinal  image  of  the  latter  is  greater. 
This  would  never  occur  if  the  grown  person  were  dressed  like  a 
child,  and  had  not  about  him  any  of  the  signs  which  in  our 
past  experience  have  been  associated  with  larger  size.  What 
happens  in  this  case  is  that  we  pay  attention  to  the  memory- 
image  associated  with  a  certain  dress,  etc.,  rather  than  to  what 
we  actually  see.  Dr.  Storch,  indeed,  comes  very  near  to 
acknowledging  this  in  his  remark  about  the  necessity  of  leam- 
['23] 
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account  for  facts  of  v taU  "     r '"  ^'"'=''  '"^'  -"empt  to 
ogical  basis  leads  to  as!!;":;.'^  ^7J^™  "'"'"  ''.''""'>'  P"'-'- 
by  reference  to  the  facts  themti        V'*^  ''"''^'''y  disproved 
supplementing  the  phvsTca,    ™      f  ""  "^'^''^^"y  ^r 

by  psychoiogica,  ex'perimtt  .  e '  f  ""°^'?'  '-^'^ations 
under  controllable  condition"  of  the  hrf""'''"u  ^"""""ation, 
known  to  us.  Storch's  work  L  T  '''  "'^>'  =''•'=  directly 
"lustrative  case,  mention  2  ^"^  ^"^  '''"^^<i  to  as  an 
which  is  commc;n  tr'Z  Z',  'l  Xl "  TT^  ^^^r^^C 
this  subject,  viz    ti,=f  •  ""^"  ^ho  have  dealt  «,s,u 

and  surL;Tu;  'rd;.?"'?,:':-'^-  "^  "-^  -'  .1^ 

accordance  with  the  fact"     ill "'  "7  '"  f™""  "Jng  in 
fetors  of  depth  perceptL^' t,/e",rver"''^  """"  "^^  are 
case  of  persons  who  have  suffered  1    T™'  °'  "'"'=''  '"  ""^ 
^  suit  ,n  an  estimation  of  distances  no         '  °'  """^  "^^^  ""ay 
of  people  with  two  eyes     In2  "h  T    ''  '"^""''"'^  '^an  that 
surface  without  having   he  tw'd  hI     '•"''''  °'  P^^'---""^  a 
self-contradictory.     I{\   '["j^^  d'men,^         ^11  is  obviously 
">"«  lie  at  some  distanccTrom  h  „.     '/"f '''  '"^'  ^"^'ace 
see  a  surface  unless  he  himsTJ^  ^'"'  '"^  """'d  not  even 
•n  being  outside  the  surf^e  1^?:?"'^''^  "^^  ^"rf^^^-     But 
th.rd  dimension.^     The  "^S^J^T^'^  is^t^  '■^'.  '"^ 
"cpcn  IS  not  entirely 


...vn,   „<^    „  -Tu;    i'P;  362).  and  the  book  D&h-^t  ""'*''''•*'■''■ 


donym  of  c.  E.  rS,    »'  P;  36=).  and  the  bookouZthZ"''f  ""''  ''"•*™- 
,arn  nar^^--.^       .  ,  p.  91^     Kirjchmann 


points  „„t\^at^e1,'S'i„^'*""^^''V*;'.°*r^ 

influence  of  pre^ndiw  or  ''■"-  P"»P»«ive  drawing  ''±  £  ";    Ki,.chm.nn 

perspective.    tL  e"^r;'P""«'V  ™"mly    Sitho«"l,  "^  ^'  "tnows"  [i 

■■"--P.nos^-|SS-S^3:^-^S^ 

-:    Wn;e£rS„X^«--«.    *'   «--,PP.and„„,, 
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dependent  upon  the  "double  eye."'  The  purpose  of  binocular 
co-operation  is  not  to  give  us  the  third  dimension,  but  to  facili- 
tate the  accurate  measurement  and  comparison  of  distances. 

In  stereoscopic  vision  there  are  three  elements  which  affect 
the  completeness  and  mode  of  the  combination  of  the  impres- 
sions upon  the  two  retinas.  These  are  the  similaritv  or  dis- 
similarity of  the  two  impressions,  (i)  spacially,  i.e.,  in  size, 
lorm  and  position-relations,  (2)  in  qualitv  of  light  sensations 
or  colour,  (j)  in  intensity  of  light  sensation,  or  brightness. 
When  the  two  retinal  impressions  are  exactly  alike  in  all  these 
respects  the  result  is  simple  binocular  combination:  i.e.,  there 
is  a  single  image,  which  has  not  the  stereoscopic  depth  or  dis- 
tance effect,  but  is  exactly  similar  to  the  monocular  images, 
except  in  some  cases  in  being  brighter.  (It  is  an  interesting 
fact  that  there  is  no  summation  of  saturations,  as  there  is  of 
intensities.)  When  the  retinal  images  are  spacially  different 
there  are  two  possibilities:  (a)  that  though  different  in  size, 
form,  or  position-relations  they  are  stereoscopieally  combined 
into  a  single  image  with  enhanced  depth  effect ;  (6)  that  they 
are  so  different  as  not  to  unite,  in  which  case  'double  images" 
will  result.  Differences  in  intensity  or  quality  of  light  between 
the  two  retinal  images  may  result  in  a  variety  of  ways. 
The  images  may  combine;  one  may  suppress  the  other;  or 
there  may  appear  the  "competition"  of  the  vision-fields,  the 
images  alternately  replacing  each  other. 

The  object  of  the  present  investigation  may  in  general 
terms  be  described  as  being  to  discover,  (i)  the  limits  of  pos- 
sibility  of  combination  for  images  of  different  colour  or  bright- 

1  There  are  two  views  held  with  legard  to  the  chief  factor  of  monocular 
depth  perception.  Ihe  one  claims  that  the  muscular  senutions  which  accom- 
pany the  chani^s  of  accommodation  are  chiefly  responsible  for  the  perception 
of  depth  (Baird  :  The  Influence  of  AKommwktiion  and  ( omergence  upon  the 
Fei-eeplion  of  DeplK,  in  Am.  Joam.  of  Psych.,  XIV,  150-200).  The  other  view, 
which  admiu,  of  course,  that  accommodation  is  a  factor,  t  ough  a  subordinate 
one.  claims  that  the  chief  data  for  depth-perception  in  .lonocular  vision  are, 
for  the  near  surroundings,  furnished  by  the  parallax  of  indirect  vision.  This 
latter  view  is  strongljr  supported  by  the  fact  that  in  very  important  parts  of  the 
viiion  field,  where  binocular  vision  is  excluded,  we  have  distinct  and  sharp 
depth  perception,  absolutely  independent  of  accommodation 
Die  Parallaxe  dea  indireim  Sehent  und  dit  tmllfi,  rmigen  Pupil 
Philos.  Stud.  IX,  447-495.)  i-    J        y  p 
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ness;  (a)  the  relation  to  combination  of  contours  and  to  stereo- 
scopic depth  of  such  differences  in  the  colour  or  the  brightness 
of  the  images  upon  the  respective  retinas.  In  such  an  in- 
vestigation the  question  of  intensity  naturally  comes  first. 
For  in  stereoscopic  combination  the  effect  of  the  co-operation 
of  the  two  eyes  is  three-fold:  (i)  the  images  are  combined  so 
as  to  present  the  appearance  of  a  single  surface ;  f  a)  with  regard 
to  contours,  there  are,  as  mentioned  before,  three  possibilities 
(o)  that  they  coincide,  f6)  that  they  are  ineongrucnt,  but  com- 
bine into  a  single  three-dimensional  image,  (c)  that  they  do 
not  combine  ("double  images") ;  (3)  there  is  frequently,  though 
not  always,  a  change  of  brightness  from  that  of  the  monocular 
images.  Our  first  investigation,  therefore,  will  be  concerning 
the  reUtive  brightness  of  monocular  and  binocuUr  vision. 

tl.  COMPARISON  OF  MONOCULAR  AND  BINOCULAR  INTENSmES 

This  question  of  the  relative  brightness  of  monocular  and 
bmocular  vision  at  once  opens  up  some  very  interesting  prob- 
lems.    By  the  earliest  investigators  it  was  found  that  the 
same  object  appears  brighter  when  looked  at  with  both  eyes 
than  when  regarded  with  only  one.    Jurin,  in  1755,  fixed  the 
relation  as   13:12.     Valerius,  in   1873,   by  a  more  accurate 
method  of  investigation,  showed  that  the  increase  or  decrease 
of  brightness  by  the  admission  or  exclusion  of  the  second  eye 
varied,  with  different  absolute  intensities,  from  about  ^\  to 
I,  though  Valerius  himself  did  not  think  the  absolute  bright- 
ness had  anything  to  do  with  the  result.     These  eariy  investi- 
gations are  not  very  conclusive,  first,  because  the  method,  of 
experimenting  were  not  suflSciently  accurate,  secondly,  be- 
cause they  ignore  the  fact  that  it  is  not  physical  intensities 
but  mtensities  of  sensation  that  are  being  compared,  and  hence 
neglect    the   subjective    conditions    which    must   affect    the 
results.     The  investigations  of  Fechner  and  Aubert  upon  this 
point  have  established  two  facts.    They  proved  that  by  placing 
before  one  eye  a  smoked  glass  which  absorbs  comparatively 
little  light  there  may  be  produced  as  great  a  darkening  of  the 
common  vision-field  as  is  produced  by  a  glass  which  absorbs 
very  much  more  light.     For  instance,  if  the  light  admitted  to 
the  unobscured  eye  be  represented  by  1000,  the  total  intensity 
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is  the  same  when  the  other  eye  looks  throi'jii  a  glass  which 
admits  55  parts  of  light  as  wht^ii  it  loolcs  through  a  glass  which 
admits  500;  while  the  admission  of  100  parts  of  li.Tht  to  the 
second  eye  has  about  the  same  efTert  as  the  admission  of  }oo. 
The  points  of  equal  darkening  are  called  by  them  "conjugate 
points,"  and  between  these  points  lies  what  they  designate 
as  the  "minimum  point,"  or  point  of  greatest  darkening  of 
the  common  vision-field  by  the  obscuration  of  one  of  the  eyes. 
When  this  point  has  been  reached  a  decrease  of  the  light  ad- 
mitted to  the  second  eye  has  the  same  effect  as  an  increase, 
viz.,  it  increases  the  total  brightness.  They  .-ilso  showed  that 
when  one  eye  is  partly  obscured  by  a  smoked  glass  or  episko- 
tister,  the  closing  of  that  eye,  or  the  total  cutting  oiT  of  the 
light  from  it,  may  resu't,  under  certain  conditions,  in  a  bright- 
ening of  the  common  /ision-field.  This  latter  is  the  phjiom- 
enon  known  as  "Feci  ner's  paradox,"  the  paradox  consisting 
in  the  fact  that  a  decrease  in  the  intensity  of  physical  stimulus 
is  followed  by  an  increase  in  the  intensity  of  sensation.  With 
this  "paradox"  as  a  starting  point,  some  experiments  were 
made  by  the  writer  for  the  purpose  of  clearing  up  somewhat 
this  question  of  the  relation  of  binocular  and  monocular  in- 
tensities. Before  referring  to  the  results  of  these  experiments, 
however,  it  is  necessary  to  define  more  closely  their  object. 
There  a'C  two  questions  which  do  not  seem  to  have  been  very 
clearly  di3tinguished  by  previous  investigators.  One  is  the 
question  to  what  extent  an  object  appears  brighter  or  darker 
according  as  it  is  regarded  continuously  under  similar  condi- 
tions with  one  eye  or  with  two.  Here  we  have  to  do  with  a 
continuous  state  in  co-operation  or  non-co-operation.  The 
other  question  is,  how  much  intensity  is  added  to  that  of 
monocular  vision  by  the  addition  of  the  second  eye,  or  sub- 
tracted from  that  of  binocular  vision  by  the  closing  of  one 
eye.  The  point  here  is  the  immediate  effect  of  a  change. 
Looking  at  it  from  the  former  standpoint  we  have  to  seek  for 
an  equation  between  binocular  and  monocular  intensities. 
From  the  latter  standpoint  the  question  presents  itself  as 
follows:  for  every  intensity  in  monocular  vision  there  exists 
a  certain  intensity,  the  admission  or  non-admission  of  v/uich 
[127] 
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to  the  other  eye  has  „o  effect  on  the  total  intensity     To  fi„M 
for  some  cases  these  physical  intensities    «,h.I  .'' 

the  intensity  of  li^ht  «n»tion    are    "tWy  teffe^L?"'' 
the  purpose  of  the  experiments!     Fecht"s  plrld^x  Ith  Jl! 

t|.e  Whole  visual  field)  had  4n  fou^rt^'o^^^,'?^    'X^J 
glass  or  episkotister  was  used  which  absorbed  most  of  th^ 

what  the  experiments  sought  to  diS^ver  '"'"''  '"'"•  " 

Bee?  f:;^rribr  e^wLnt  trr- ''-• 


Table  I.     Obkrveh  K.     Left  Sidk. 


D«wriptlon  o(  Light  Uaed 


3  a  c^p.  lamp  +  3  sheets  of 
white  paper  and  10  tissue 
papers ^ 

3ac.p,  lamp  +  lot.p 

33c.p.  lamp  +     6t,p  .. 

jac.p.  lamp  +     4  t.p  .. 

33c,p.  lamp  +    2  t.p  . 


PhutonMtric- 

■Uy 
Itotarminsd 
Intaatitv 


Ibfl  Commun  Vi.ioHFWd 


Epukotister 


120 

aio 
360 


"7J° 
78° 
68° 


In  Unit!  of 
Intensity 


lUtio  ol  tha 

Intanaity  for 

tlMOthw 

Eye 


•35 

a.  60 

3J.66 

3<>  75 

53.00 


.IS 

■7 
■4 


■  £^m«,.  ™  ^„w,  /.Wa,«.,  (An,.  J„ur.  of^^ij^Z^^^ 
[128] 


Robinson:  Stbrroscopic  Vision  m 

Tabli  II.    Ohikiivir  K.     Right  SiDB. 
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TABLE  III.    OuBRVBR  R.    Averaqb  or  Lsrr  ato  Rioht  Sides. 


Protohkthi- 
r  ai.lt 

DBTERHINtb 

Iktkniitv 


Amount  of  licht  fur  the  unNitid  aya 
iMfHeipfit  for  the  brl^lom 


31  c.p.  lamp  +  J  sheets  of 
white  paper  and  10  tissue 

papers , 

jac.p.Iainp  +  lot.p ia(?) 

ja  c.p,  lamp   f  6  t.p 120 

ja  c.p.  lamp  +  4  t.p jjo       \ 

ja  c.p.  lamp  +  a  t.p 360       ' 


of 

,iii^,^k"iS 

K. 

b 

In  Dm-. 

•M 

EpUkotl.t.r 

Intviuity 

■«5° 

45 

133° 

4.06 

100° 

33-3J 

77° 

44  01 

64° 

64.00 

Rat  in  of  th« 

lntM).it]r 

for  tb* 

Olh«  Ejr* 


■45 
3J 
■'1 


Examination  of  Tables  I-III  will  show  that  the  results  of 
the  experiments  which  are  significant  for  the  present  inquiry 
are  two: 

(i)  The  first  is  the  dependence  upon  the  absolute  intensity 
of  the  proportion  of  the  full  light  which  can  be  admitted  to 
the  second  eye  without  effect  upon  the  total  brightness.  This 
dependence  appears  throughout  the  tables  in  such  an  obvious 
and  regular  manner  that  it  is  surprising  that  it  has  escaped 
the  notice  of  previous  investigatois.  But  as  regards  the 
relative  intensities  of  monocular  and  binocular  vision,  this 
dependence  means  that  the  ratio  of  those  intensities  to  each 
other  cannot  be  exactly  determined,  because  it  is  not  a  con- 
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rtant  ratio  It  varies  with  thi-  abulute  intemity.  For  small 
absolute  brightness  the  proportion  of  the  light  admitted  to 
the  second  eye  without  increasing  the  total  brightness  is  much 
greater  than  for  higher  intensities. 

(J)  The  second  fact  of  especial  interest  is  that  the  proportion 
of  the  full  light  which  can  !»  admitted  to  the  second  eye 
without  effect  upon  the  brightness  of  the  common  visual  field 
is  in  alt  cases  so  large.  The  proportion,  according  to  the 
above  tables,  varies  from  o-iout  one-seventh  to  neariy  one-half 
with  different  observers  and  under  different  conditions  In 
some  subsequent  experiments,  it  was  found  that  with  lower 
absolute  intensities  the  proportion  was  more  than  one-half. 

The  beai.ng  of  the  first  of  these  results  upon  the  theme  of 
our  mqmry  will  be  more  apparent  when  we  come  to  discuss 
the  relation  of  light  intensity  to  stereowopic  depth  perception. 
At  present  the  second  result  seems  to  possess  more  direct  inter- 
est. The  reason  (apart  from  the  operation  of  Weber's  law) 
for  the  relatively  slight  effect  of  the  light  admitted  to  the 
stcond  eye  upon  the  brightness  of  the  common  visual  field  is 
of  course  that  the  purpose  of  the  co-operation  of  the  two  eyes 
IS  not  to  increase  the  brightness,  but  to  accomplish  those 
parallactic  relations  which  are  the  principal  means  of  binocular 
'lepth  perception.  The  question  at  once  suggests  itself,  how- 
ever,—is  the  amount  of  light  in  the  second  eye,  which  is  in- 
effective as  regards  the  total  brightness,  the  same  as  the  least 
amount  necessar>-  for  the  stereoscopic  combination  of  the  two 
retinal  images?  Thus  we  come  to  the  second  step  in  our  in- 
vestigation. 


in.  THB  RELATION  OF  INTENSITY  OF  LIGHT  SENSATION  TO  THE 
STEREOSCOPIC  PERCEPTION  OF  DEPTH 
This  branch  of  the  subject  has  also  been  investigated  by 
an  experimental  method  which  is  fully  described  in  an  earlier 
publication.'  Those  experiments  had  for  their  object  to 
determine  the  least  amount  of  light  w^ich  must  be  admitted 
JlS-H?)"  '"""^  "'"'  '^''  '^"r"^-    (*■"•  J0"r.  or  h^,  TOl.  VII,  pp. 
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to  the  Kcond  eye  in  order  to  produce  the  stereoKopic  effect, 
and  to  find  whether  or  not  that  amount  is  tlic  ■uinic  as  the 
amount  of  light  which  in  the  second  eye  is  inefficient  as  re- 
gards the  comparative  light  intensities  of  monocular  and  bino- 
cular vision.  As  in  the  present  papers  some  further  experi- 
ments upon  this  point,  lx)th  with  colourless  and  with  coloured 
light,  will  be  reported,  the  tabulated  results  of  the  former 
experiments  are  inserted  here  for  the  purpose  of  compaiison. 
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scopic  effect  ^.s^t^SZ^^^l/ ,t  "''?  '"^  '»^'- 
had  entirely  ceased      Betwp.n  IL  •        '"""  *'  "hich  it 

of  partia/or  i^iircrbt:tr"^t'%r '^  ^  " 
rp,er:::rscor'sf:r '-rr-'^^™^^^^^^^ 

disappear,  and  ^Z  ^TjZTj^ZTl:^^-  ^1 
the  competition  of  the  vision-fielri,  T!l  Phenomenon  of 

set  of  lines  becoming  d"'"'' '^'^' °"'^ '''''''•''=" -other 

to  one  eye  without  Drorir  I        '"'^  "^^  ^  admitted 

the  common  vti^.SCrLr'^  V"'  ''"«''»"-^  "' 
are  less  regular  thanl^^Trbi: '  -I  nnT;'  '"".""^  --'»' 
But  that  is  probably  because  th  ,       Preceding  section. 

ages  of  asmallernum^  of  trill  ''!"  '"''"""'  ""  """ 
light  intensity  are  more  difficu  t  than^thoT"'' "'r"''"^ 
stereoscopic   effect  regarding  the 

int^si^rt^ti^r^KJt  r^^ "''"  '-^  •''^''- 

somewhat  near  l.e"rL.S/°  '}'°'^  mtensities  being 
darkened  room  ^^  "    ^"^  '''^  "^^^  ^^apted  to  the 

(4)  Where  fractions  of  deerees  arp  ,ri,™ 
of  the  disc"  these  are  the  re  ul  "'/'^™ .  "'«'^'-  "Opening 
cases.  The  disc  was  LIL  T  f  ^^eragmg  a  number  of 
a  degree  witf  L^rl cy"  ^^1  s't  n^H  T  ''^"  ''^" 
not  given,  but  when  less  than  1  ^  ^  ''^'"°"^  "* 
more  than  i  are  counted  as, o  *   "'   disregarded,  when 

eyfr::r.;'t?Su::\;::'-~  °'  "^-t  in  the  second 

theminimumof  lighT-eq'ired  to  ■n';"™'''',  '"'"'  "^"^^'  '"^^ 
in  fairly  regular  cor  Jspldence  ^  "2'''!'?' '"^'''"^"' 
The  correspondence  is  not  snH,  ^'°'"'^  intensity, 

aiity  betwITn  thr^^a^ti^  ^'^tTo^  but  ^ "''•'"'''"- 
except  With  the  highest  intensi,..:  u:7quit:  rlgui:";^ 
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comes  greater  or  less  as  the  absolute  intensity  increases  or 
diminishes. 

(2)  The  amount  of  light  required  in  the  second  eye  to 
produce  the  stereoscopic  effect  seems,  with  most  of  the  in- 
tensities used,  surprisingly  small.  With  very  high  intensities 
,J„  of  the  full  light  or  less  was  sufficient  to  make  the  effect 
complete,  while  in  many  cases  a  partial  effect  remained  with 
the  very  least  amount  which  the  disc  could  be  adjusted  to 
admit  (estimated  at  i„\„  or  less).  On  the  other  hand,  with 
the  lowest  absolute  intensities,  about  .1  of  the  full  light  was 
necessary  for  the  second  eye  in  order  to  produce  the  complete 
stereoscopic  effect,  while  for  any  effect  at  all,  from  about  1 
to  J  of  the  full  light  was  required. 

(j)  There  is  in  all  cases  a  noticeably  wide  range  between 
the  point  where  the  objects  begin  to  combine,  and  the  point 
where  the  complete  stereoscopic  effect  is  obtained.  The 
amount  of  light  at  the  latter  point  is  alx>ut  from  two  to  twenty 
timis  as  great  as  at  the  former.  Thus  in  Table  V,  with  the 
absolute  intensity  i,  an  opening  of  the  episkotister  disc  of 
225°  is  required  for  the  complete  stereoscopic  effect,  while  a 
partial  effect  appears  above  85°.  With  the  absolute  intensity 
192  in  this  table  a  partial  effect  appears  above  i;°,  wliile  for 
the  full  effect  22.1°  was  required.  And  in  the  other  tables  the 
case   is   similar. 

(4)  The  "indifference  point,"  or  point  of  inefficiency  as 
regards  the  comparative  light  intensities  of  monocular  and 
binocular  vision,  varies  also,  as  in  the  experiments  on  intensity 
referred  to  in  the  preceding  section,  in  correspondence  with 
the  absolute  intensity;  the  amount  of  light  which  can  be 
admitted  to  the  second  eye  without  affecting  the  brightness 
of  the  common  visual  field  increases  with  the  increase  of 
absolute  intensity.  The  ratio  of  the  amounts  of  light  ad- 
mitted to  the  obscured  and  the  unobscured  eyes  shows,  how- 
ever, at  this  indifference  point  less  variation  than  at  the  low- 
est point  of  effectiveness  for  the  stereoscopic  combination.  It 
is  noticeable  also  that  while  the  amount  of  light  for  the  second 
eve  inefficient  for  the  brightness  of  the  combined  visual  field 
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fun  light  continually  dT41s^      ""^^'"' '"^  ^««o  to  the 

U^st^it'lreffr^^e^^oVthl  r'  '"'-^''^  -<>  ^"^ 
coincide.  The  indifference  1  Ynt  is  ve"'"'™.''^'  '^'''  '*"  "°' 
all  cases  than  the  point  LCwhcrthTt''""  "  "^"'^ 
ceases  to  be  good.  The  ooint.  .^  u  ''<"^''o«»P'c  effect 
the  lower  thf  absolute  n'Tenst'^rrh  """^  '"  ^^^'  °"'-' 
with  higher  absolute  intens  Ls'  b^'  ™  "  ^  '^^'°"'  '^hich 
the  "paradox"  of  Fechner  ^'ur-  TT''  ^"^  ^'^'-  "^here 
effect   is  completely   pTese'ed'  ^"  '"^  stereoscopic 

the"ptbrn,":M i"  eXT^ro^r  ^r  ".'^  ---  °' 
the  relative  intensities  ^f  rnXula/and  r'°",  "^^^'''"^ 
VI  .thatsolargeaproDortinn„f,i,T„..  '"""cular  vision, 
to  the  second  eye  wS  'L  '  ^'"  ''"  ''^  "<^™'t«d 

brightness?  That  here  i'sso  "  tH '"''  "''"''  "P""  "«^  '"'a. 
than  the  general  quant  Live  ettiono?  T'^  ""°'^^'^  "--^ 
i.e.,  Weber's  law,  is  apparel!  f^m  hetcuhat^^h"'  ""''°"' 
changes  with  the  changing  of  the  !hl.  .  'P™P°""" 

fact  that  the  chief  purpose  of  the  !  '  """"^''>'-     The 

the  brightness,  but  to  eTtablish  thn  "^T  '^  ""'  '»  ^"crease 
which  binocular  ^.  pthScett  on  7''"^^'"'"''^'^  "P°" 
solution  of  this  problem'  t'Tchr^hr'^f"'^  '"  ^''^>' 
the  second  eye  g.es  to  produce  XsterL,  '^^'"/'''"■tt-d  to 
remainder,  subject  of  course  oWberTl?"?^"''  """  "'^ 
total  brightness.  Our  tables  IZl.  ^  '  '"  '""'''"'  the 
point  where  the  stereoscop^  effl^  ;'::;  "■«."-  '"west 
same  as  the  "indifference  ^inf  of  ,  IfTnl"  ''  ""'  '"' 
one  or  two  cases,  where  their  coino  H,  ''^'  ""'^^P*  '" 

In  nearly  all  cases  the  least  Imoun  f  ?  u''^  "^  accidental, 
stereoscopic  effect  is  lessl  oretL'  ^''''/'^-"^  'or  the 
than  the  amount  which  is  ineffiden  fo',  the  b"'J'"'"  '^'^- 
common  visual  field.  """  ''"Shtness  of  the 
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A  second  question  is  whether  our  results  throw  any  light 
upon  Fechner's  "paradox."  Here  also,  prior  to  any  experi- 
mental test,  it  might  be  thought  that  the  explanation  is  quite 
simple.  We  have  but  to  assume  that  where  the  "paradox" 
occurs  it  is  due  to  the  fact  that  the  physical  energy  which 
reaches  the  retina  of  the  partially  obscured  eye  is  less  than 
is  necessary  to  enable  that  eye  to  play  its  part  in  forming  the 
combined  impression  and  localizing  it  in  the  third  dimension, 
and  that  in  that  case  part  of  the  energy  of  the  free  eye  is 
suh*  -  'cted  to  aid  the  other  eye  in  the  binocular  combination 
(no  (  course,  the  stereoscopic  combination);  then  on  the 
closing  >>f  the  other  eye,  this  part  of  the  energy  would  be  set 
free  and  the  result  would  be  an  increase  of  the  light  intensity. 
To  confirm  this  suggestion  also,  however,  the  results  should 
show  a  practical  coincidence  of  the  indifference  point  of  light 
intensity  and  the  lowest  point  of  effectiveness  for  the  stereo- 
scopic combination.  Whereas,  as  we  have  seen,  the  indiffer- 
ence point  is  very  much  higher  in  nearly  all  cases  than  the 
point  below  which  the  stereoscopic  effect  ceases  to  be  good; 
in  other  words  the  paradox  occurs  over  a  considerable  region 
where  the  stereoscopic  effect  is  complete. 

With  regard  to  Fechner's  and  Aubert's  "minimum"  and 
"conjugate  points,"  our  results  have  not  much  contact  with 
the  results  of  those  investigators.  They  fixed  the  minimum 
point,  i.e.,  the  point  of  greatest  darkening  in  the  common 
visual  field  by  the  darkening  of  one  eye  definitely  at  the  point 
where,  the  full  light  being  represented  by  looo,  122  represented 
the  amount  admitted  to  the  partially-obscured  eye.  In  our 
results,  however,  it  appears:  (i)  that  the  ratio  to  the  full  light 
of  the  light  required  for  the  second  eye  to  produce  any  effect 
on  the  total  intensity  is  not  a  constant  ratio,  but  varies  with 
the  absolute  intensity;  (2)  that  the  indifference  point  is  not 
usually  a  single  definite  point,  but  that  there  is  commonly  a 
considerable  region  within  which  no  difference  in  tlie  brightness 
of  an  object  in  the  common  visual  field  is  observed  when  the 
object  is  regarded  alternately  with  one  eye  and  with  two. 
The  figures  in  the  tables  represent  simply  the  averages  of  all 
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the  equal  cases.     Some  suRgcstions  for  a  possible  explanation 
of  these  results  will  be  given  in  the  next  section. 

Let  us  now  revert  for  a  moment  to  the  second  of  the  almve- 
mentioned  results,  viz.,  the  exceedingly  small  proportion  of 
the  full  light  which  one  eye  may  receive  without  the  stereo- 
scopic cflfect  being  destroyed  or  impaired.  It  might  he 
thought  that  the  result,  in  the  experiments  above  referred  to, 
was  at  least  partiallv  due  to  the  very  simple  character  of  the 
outline  drawings  employed.  Would  the  results  have  been 
similar  had  more  complicated  figures  been  used?  Thrt  is  a 
question  somewhat  difficult  to  investigate,  because  figures 
suitable  for  the  purpose  are  not  easily  obtained.  Ordinary 
stereoscopic  photographs,  for  instance,  will  not  do.  For 
these  have,  even  when  regarded  with  one  eye  only,  a  certain 
depth  effect,  due  to  secondary  factors  of  depth  perception, 
from  which  it  is  difficult  to  abstract  in  judging  of  the  stereo- 
scopic effect.  The  solution  of  this  difficulty  was  suggested 
by  an  article  of  Fuchs.'  Dr.  Fuchs  refers  to  the  experiments 
of  Helmlioltz-  with  tapestry  patterns,  etc.,  and  of  Meyer' 
with  objects  such  as  wire  screens,  etc.  Both  these  authors 
reported  that  by  convergence  of  tile  lines  of  regard  of  the  two 
eyes  upon  a  point  nearer  to  or  further  from  the  observer  than 
the  plane  of  the  objects  observed,  certain  parts  of  the  pattern 
could  be  seen  stereoscopically,  i.e.,  superimposed  upon  one 
another,  and  at  different  distances  from  the  eye,  so  that 
certain  figures  in  the  pattern  seemed  to  be,  as  it  were,  suspend- 
ed in  the  air  before  the  others.  Fuchs,  however,  pointed 
out  that  convergence  or  squinting  would  not  produce  the 
stereoscopic  effect  so  long  as  the  superimposed  double  images 
held  exactly  the  same  relative  positions  in  the  two  eyes.  This 
can  be  seen  by  reference  to  Fig.  i,  where  convergence  results 
in  the  appearance  of  four  or  more  rings  in  each  row,  which, 
however^re  all  in  the  same  plane.     The  stereoscopic  effect 

„'  '  '*■''  '"/■  "mothipimhr  Wirhmn  lirr  Kyrnaniilrh  TapdruUlder  rZeitschritt 
tur  Psychologie  und  Physiologie  der  Sinnesorgane,  Bd.  32,  Heft  2,  1903). 
^llantibwh  der  phittiolog'i»chni  Oplik,  p.  799  (1896). 

SRoMrannd  Wunderlichs.lrcftiii/arrf.V  p),j,i„((,j,i,cA,.  //rittun*,  1841    I 
310  etc. 
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reoorted  by  earlier  authors  must  therefore,  according  to  Fuchs, 
he  due  to  the  repetition  of  the  fiRurcs  in  the  pattern  not  being 
exactly  regular,  so  that  the  distance  of  identical  points,  and 
consequently  the  convergence  conditions   required   for  cor- 
responding parts,  are  diflcrent.     He  employcl,  to  .lemonstrate 
thira  complicated  drawing,  consisting  of  very  simple  and 
exactly  similar  parts,  in  the  arrangement  of  which,  however 
such   irregularities  are   purposely  introduced  in  a  somewhat 
exaggerated  degree.     Tliis  arawing  is  reproduced  in  l-ig.   2 
(Fuchs-  Fig.  3).     This  figure  appeared  admirably  smted  to 
our  purpose.     It  is  a  much  more  complicate<l  one  than  the 
others  employed  in  our  experiments,  and  1ms  very  little  in 
itself  to  suggest  the  perception  of  depth,  but  on  the  contrary 
requires  special  conditions   and   effort-unless   the  eyes^  are 
assisted  bv  glasses-in  order  to  be  seen  stereoscop.cally .    Some 
experiments  were  accordingly  made  with  copies  of  this  figure 
of  Fuchs'  as  objects  to  see  if  our  results  would  be  confirmed 
when  such  objects  were  substituted  for  the  simpler  ones  used 
in  the  former  experiments.     The  same  apparatus  could  not 
be  used  as  in  the  other  experiments,  because  the  visual  angle 
subtended  by  the  objects  was  greater  than  was  provided  for 
bv  the  openings  in  the  front  screen,  and  the  divisions  l«tween 
the  double  openings  would  conceal  parts  of  the  drawings. 
Accordingly,  the  apparatus  used  was  a  modification  of  the 
•    simpler  one  designed  for  the  experiments  in  regard  to  the 
relative  intensities  of  monocular  and  binocular  vision.     The 
lamps  used  were  in  this  case  fixed  above  and  in  front  of  the 
objects    and  screened  so  as  to  prevent  their  light  shining 
directly  into  the  observers  eyes.     In  some  cases  the  experi- 
ment was  performed  by  s<iuinting,  without  any  glasses  over 
the   openings   through    which    tl-.e   eyes   looked.     In   others, 
convergence  was  facilitated  by  tlie  use  of  lenses,  winch  were 
attached  in  such  a  way  that  they  could  be  pushed  aside  when 
not  in  use.     The  results,  as  exhibited  in  Tables  \  III  and  IX, 
completely  confirm  those  given  in  the  former  tables.     For  the 
second  eye  .,U  of  the  full  light  was  usually  sufficient  to  give 
at  least  a  partial   stereoscopic  effect,  and  with  from   ,  ;„  to 
.       ,'„  the  effect  was  complete. 
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IV     BINOCUtAH  SVNBRGIBS 

In  connection  with  previous  reports  of  the  writer',  exneri 
ments     certain    ,UKKe„i„n,   were   made   (irst  T p'ot^l 

wi^rar."  """  "!'.""""'  '"'^""*"  ™-  f"">  by  the 
hinl.  I  "  ■""'"'''■  "P'-"""""  of  <^rtain  phenomena  of 

hmocular  co-operation,  and  particularly  of  Fechner"  p"  adox 

thuiques.  Their  hypothetical  character  is,  however  m^ 
d  spara«en,en,,  i„as,„uch  as  they  were  no,  mean,,  „T  C Ls^r 
Bmct  apparently  regarded  them,  as  intcrpreta  ions  TT 
writer's  results,  hut  rather  as  tentative   URK^t  on    ,he  furthe^ 

*^'^.i:::-x^^t:x^t  ■{££■£■ 

omenon    especially,  presupposc-s  is  such,  howeve'  af  toraUe 

That  .t  is  possible,  under  certain  conditions,  bv  the  stimula 

CnLZ^  ""rK"  "'"'""^^  ^"  ™P'-™"  '"  the  other  ha 
^wtoT    t',"I      ^  ^""""^  investigators,  from  the  t  me  o 

tion  Of  a  functional  int^nne^i^r  the  ;:?^:::r^:r; 

pp.  .J.-?.:.;"""""""  ""■'■""'"■  "•""»"""•■■■  ^.■'-.     (Phn».  stud.  V..I,  ,8,3. 
'  .1/'.T  /»■«,„  iP.ych.  Review.  Mod.  Sup,  ,j,  ,8„,. 
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have  b«n  advancwl,  ll.ol  in  the  ctts.-»  !i.1.Uut.1  no  «■«!  Irans- 
fcrence  takes  pluce,  ami  lliat  il  is  not  llii-  retina  of  tlii'  un- 
.timulated  eve,  liut  tlie  brain  centre  tliat  is  aiTected. 

To  the  secon.1  o{  these  claims  very  little  imimrtaiice  in  the 
present  stage  of  the  .,uestion  nee.l  l.e  attached.     I'or  how  is 
the  matter  simplitie.1  l.y  assuniin«  that  in  certain  easis  the 
stimulation,  sav  of  the  ri«ht  retina,  prcHluces  the  sanu'  n.olmi- 
lar  activity  in  the  visual  cerebral  centre  usually  produce,   by 
the  stimulation  of  the  left  retina,  rather  than  that  m  those 
eases  an  aetivitv  is  starte.l  in  the  left  retina  by  the  sfmnbli.jn 
of  the  right?    The  i«>sition  that  the  iinprcssu,n  is  mistakenly 
referred  to  the  unstimrlated  eye  but   that   there  is  ,».  real 
transfer  of  activity  from  one  eye  to  the  other  is  f;n..arcd  l.y 
Fran-^.     He  supports  it  l.y  the  result  of  an  experiment   in 
which  the  light  stimulus  was  applied  to  the  porti..n  <.l   Uie 
right  eye  which  correspomls  to  the  bliii.l  spot  ol  tlu^  l.ft  eye. 
On  opening  the  left  eye  an  image  appeared.     H...  since  with 
the  portion  of  the  left  eye  corresponding  to  the  ^tinu.h,  e( 
part  of  the  right,  nothing  can  be  si-e.i,  ilie  conclusion  is  that 
the  transfer  in  this  oa,e  cam.ot  be  real,  ..nd,  therefore,  may 
not  be  in  other  cases.     This  does  not,  howvver,  sc.u.  con^ 
elusive      For  with  the  closed  eye  there  is  n<.  <piest ion  about 
the  direction  of  light  rays  entering  it,  the  (luestioii  is  whether 
the  starting  of  a  certain  activity  in  one  eye  by  an  appropriate 
stimulus  mav  be  followed  wiUiout   direct   stimulation   by  a 
similar  aetivitv  in  the  other.     Delabarre  '  had  before  come  to 
the  same  conclusion,  on  account  of  the  image  npparen  ly  in 
the  unstimulated  eve  changing  or  .lisappearing  with  a  change 
in   the  objective  conditions  of  the  eye   which    rece.ve.l   the 
stimulus.     Against  this  are  the  results  of  Fechmr  -  regar,  ing 
binocular  contrast,  in  which  the  one  eye,  while  darkened  or 
receiving  only  faint  grey  light,  saw  the  cmplementary  of    he 
colour  simultaneously  presente.l  to  the  other  eye^      1  hat  the 
transfer  is  real  is  also  held  by  Titchener,  the  resultsj,f  who^ 

-    1  n,:sw.i ../  o;«„..i  .ift.r.i.,.v„..  i.im.  J"'.'-  of  '•»>"'■••  '"'■  "•  ''^• 

WUk.,  VII,  481.  .86°-)  r         1 
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experiments  showed  marked  differences  between  the  images 

iZ::T^::r'  ^"' '''-'' '°  ^"-'""■'  '^^'^"-^  --^ 

The  results  of  ou-  experiments,  reported  in  the  preceding 
section,  touch  the  present  <liscussion  at  two  points  ■ 

..  The  amount  of  HRht  admitted  to  the  second  (the  less 

Stat  a  smTf  '' !'"  P"!"  "'■^■-  "'<^  objects  begin  to  combine- 
.5  but  a  sma  1  fraction  of  that  required  for  the  complete  cora- 
b  nation.  T  ,is  could  easily  be  explained  if  we  might  assume 
.  a,  a  part  of  the  physical  energy  communicated  to'the  r  t L 
of  the  unobscure<l  c-ye  is  subtracted,  when  necessary,  to  aid 

he  other  eye  m  the  binocular  combination.  Of  course  the 
factors  of  binocular  depth  perception  are  such  that  in  it  one 
eye  cannot  do  any  part  of  the  work  of  the  other.  But  for 
te  production  of  the  stereoscopic  effect  it  is  first  necessary 
that  the  two  retinal  impressions  should  be  combined  so  as  to 
produce  the  impression  of  a  single  surface.  This  distinction 
o  the  simple  binocular  from  the  complete  stereoscopic  com- 
bination IS  not  a  merely  hypothetical  one.  Throughout  the 
expenments  it  was  frequently  noted  that  the  surfaL  wouM 
CO  ncide  where  there  was  no  depth  perceptible.  Now  if  where 
he  objects  begin  to  combine  there  is  only  the  combination 
into  a  single  sur  ace.  an.l  in  that  the  free  eye  can  more  large" 

tt  2  It  cTn'  '"  ""  '""""^'^  stereoscopic  combination 

the  aid  It  can  give  is  proportionately  much  smaller,  that  may 

in  .r  an  "T"'""  °'  "^''  """'"''  '"  '"^  --"''"'^ 

'hi   '    ■''"•^.'-.^^'^  being  enormously  greater  than  where  the 
objects  comoine  only  as  a  single  surface 

the  nJr»',  ''T^  ^u"'  ™"""''  "'"  ^"^^^^'^^  explanation  of 
the  paradox  o  Fechner,  that  its  occurrence  is  due  to  the  energy 
communicated  to  the  partially-obscured  eye  being  too  1  tfle 
to  enable  that  eye  to  play  its  part  in  combining  tlie  im  g 
Part  of  the  energy  communicated  to  the  free  eye  is  subtracted 
to  aid  the  other,  and  the  result  is  a  darkening  of  the  .ommon 
field  of  vision.  Then  on  the  closing  of  the  other  eye  thaTpart 
of  the  energy  of  the  free  eye  is  liberated,  and  the  common  f  Id 
becomes  brighter.  This  suggestion  seems  to  be  negatived 
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by  the  fact  that  the  amount  of  1';;  li  u,  ■!  :■  partially-obscured 
eye  which  has  no  effect  upon  the   etc !  bri^Jlnt <-  is  very  much 
greater  than  the  amount  requin  i  I  .t  tlie  ?te!  ;oscopic  effect. 
The  lower  the  absolute  intensitv,  Ir^vrv  r,  t.ie  nearer  these 
amounts  approach  to  each  other,  and  at  certain  extremely 
low  intensities  they  coincide.     If  this  be  taken  as  an  indication 
that  the  explanation  holds  good  for  these  low  intensities,  the 
question  of  course  at  once  arises— why  not  for  higher  inten- 
sities?   There  is  even  for  these,  on  the  assumption  of  a  func- 
tional interrelation  of  the  retinas,  a  possible  explanation, 
which  is  given  here  rather  than  in  the  discussion  in  the  pre- 
ceding section,  because  it  can  only  be  hypothetical  until  this 
whole  question  is  more  thoroughly  cleared  up.     Let  us  assume 
that  with  the  extremely  low  intensities  in  question  the  light 
which  reaches  the  retina  of  the  unobscured  eye  is  only  about 
enough  to  enable  that  eye  to  play  its  own  part  in  the  binocular 
combination.     For  example,  where  in  Table  IV  the  absolute 
intensity  is  i,  the  light  which  must  be  admitted  to  the  second 
eye  to  produce  the  complete  stereoscopic  effect  is  represented 
by  .+1,  and  .41  also  represents  for  the  absolute  intensity  i  the 
amount  of  light  in  the  second  eye  wliich  has  no  effect  on  the 
brightness  of  the  common  visual  field.     If,  therefore,  less  light 
than  .41  is  admitted  to  the  second  eye,  we  shall  have  the 
paradox  and  at  the  same  time  stereoscopic  combination  will 
be  absent  or  only  incomplete.     This  is  perhaps  because  the 
stimulus  applied  to  the  second  eye  in  this  case  is  not  sufficient 
to  produce  the  energy  required  for  the  stereoscopic  effect. 
Part  of  the  energy  may  be  subtracted  from  the  other  eye  to 
aid  in  the  binocular  combination,  and  consequently  the  com- 
mon visual  field  is  darkened.     But  because  the  liglit  admitted 
to  the  free  eye  is  little  more  than  the  least  amount  needed  to 
produce  the  required  effect  in  it,  while  that  eye  continues  to 
discharge   its  function  there  cannot  be  sufficient  energy  with- 
drawn from  it  to  make  up  what  is  lacking  in  the  other  eye, 
and  hence  the  stereoscopic  effect  remains  incomplete.    Then 
taking  a  higher  absolute  intensity,  let  us  say  that  represented 
in  the  table  by  100,  we  find  that  the  amount  of  light  required 
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in  the  second  eye  for  the  complete  stereoscopic  effect  is  i  47 
while  the  amount  inefficient  for  the  brightness  of  the  com- 
bmed  visual  field  is  3S.20.  On  the  above  suggested  theory  it 
might  be  held  that  the  energy  which  reaches  the  retina  of 
the  free  eye  is  in  this  case  more  than  the  least  amount  re- 
quired for  that  eye  to  play  its  part  in  the  co-operation  of  the 
two  eyes,  and  where  the  other  eye  does  not  receive  sufficient 
for  that  purpose,  enough  energy  may  be  subtracted  from  the 
free  eye  to  supplement  that  of  the  partially  obscured  eve  and 
produce  the  complete  stereoscopic  effect.  This  would  account 
for  the  fact  that  with  all  but  the  lowest  intensities  there  is  a 
region,  growing  more  extended  as  the  absolute  intensity  in- 
creases, where  the  paradox  occurs,  while  yet  the  stereoscopic 
effect  is  completely  preserved. 

Our  results,  then,  favour  the  view  of  a  functional  inter- 
connection of  the  retinas  to  the  extent  that  certain  phases  of 
them,  otherwise  unexplained,  seem  capable  of  explanation  on 
this  theory.  Yet  these  results  are  by  no  means  conclusive 
It  may  yet  be  found  that  all  the  phenomena  in  question  are 
not  due  to  either  retinal  or  cerebral  processes,  but  are  purely 
psychical.  "^       ' 

V.  LUSTRE. 
I .  Theory  of  Lustre.  The  phenomenon  of  lustre  is  discussed 
in  connection  with  the  problem  of  intensity  because,  although 
intensity  is  only  one  of  the  factors  in  the  production  of  this 
phenomenon,  the  part  which  it  plays  is  sufficiently  important 
to  warrant  a  careful  investigation  of  its  influence.  Since 
however  several  of  the  authors  who  deal  with  this  subject 
are  not  free  from  error  or  confusion  regarding  the  importance 
of  mtensity  or  of  intensity-contrast  as  a  condition  of  the 
phenomenon  of  lustre,  it  is  necessary,  in  the  beginning  to 
devote  a  little  space  to  clearing  up  this  point. 

Most  of  the  investigators  of  the  subject  hitherto  have  not 
distinguished  the  physical  and  the  psychological  aspects  of 
the  matter  with  sufficient  clearness.  For  the  physicist  the 
questions  raised  concern  the  movement  processes  which  take 
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place  in  the  reflection  of  light  from  surfaces  under  different 
conditions.  For  him  the  character  of  the  sensation  of  sight 
is  of  interest  only  as  indicating  what  physical  process  is  going 
on.  And  if  the  characteristics  of  our  light  sensations  were 
entirely  different  from  what  they  are,  that  would  not  change 
the  nature  of  the  physicist's  problem  in  the  least.  The 
psychologist,  on  the  other  hand,  has  to  deal  with  what  takes 
place  in  consciousness.  For  him  the  question  is  "  What  are  the 
qualities  or  intensities  or  space  and  time  relations  of  the 
sensations  or  complexes  of  sensation  which  take  part  in  the 
impression  of  lustre?  "  And  for  the  psychologist,  therefore, 
the  physical  properties  of  the  light  are  of  only  conditional 
importance.  Failure  to  observe  this  distinction  has  led  to 
much  confusion  of  thought.  Hering,  for  example,  in  common 
with  several  other  writers,  regards  lustre  as  dependent  upon 
high  intensity.  Now  the  intensity  which  can  be  a  factor  in 
the  perception  of  lustre  must  be  the  intensity  of  light  sensa- 
tion. Yet  Hering  speaks  of  the  lustre  which  belongs  to  self- 
luminous  bodies  as  well  as  of  that  which  appears  on  incompletely 
mirroring  surfaces.  But  to  be  self-luminous  is  not  a  property 
of  objects  which  is  directly  given  to  the  sense  of  sight.  To 
decide  whether  a  body  is  self-luminous  we  must  have  other 
data  than  those  which  the  sense  of  sight  furnishes.  Thus,  for 
instance,  it  is  quite  easy  to  illuminate  a  red  or  orange  paper 
in  the  daytime  in  such  a  manner  that  it  looks  exactly  like  a 
red-hot  iron.  Everybody  has  noticed,  too,  how  impossible  it 
is  to  decide,  at  the  time  of  a  brilliant  sunset,  whether  the 
ruddy  glow  seen  at  certain  windows  is  caused  by  a  light  or  a 
fire  within,  or  is  simply  the  reflection  of  the  sunshine.  A  very 
interesting,  as  well  as  very  decisive  experiment  in  this  line 
has  been  made  quite  incidentally  in  the  use  of  Professor 
Kirschmann's  apparatus  for  obtaining  spectrally  pure  light 
in  larger  surfaces.  This  apparatus  is  arranged  so  as  to  effect 
a  two-fold  selection  of  the  rays;  a  surface  which  reflects  one 
part  of  the  spectrum  chiefly  is  illumined  by  light  which  has 
passed  through  absorbing  media  of  the  opposite  selective 
preference.  The  apparatus  has  been  used  by  Messrs.  Lane, 
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raird  and   Richardson,  and  Miss   Emma  S.   Baker    and  is 
described  in  their  articles  in  the  University  of  Toronto  Studies 
Psvciological  Series.     It  shows  a  square,  or  two  squares  one 
f„  the  Sle  of  the  other,  of  light  of  high  spectral  saturation 
and  in  any  intensity  desired.     Observers  who  know  nothing 
orthe  arrangement  for  the  production  of  these  colour    are 
absolutely  unable  to  say  whether  they  see  reflected  light 
t™itted  light,  or  the  source  of  light  itself.    This  has  been 
especX  conspicuous  in  the  experiments  of  Messrs.  Hughes 
and  Armstrong  to  be  elsewhere  reported,  in  which  only  colour- 
less light  was  emploved.    Certain  observers,  m  order  that  they 
m  ght  be  in  complete  ignorance  of  the  instrumental  arrange- 
ment were  brought  blindfolded  to  the  entrance  of  the  observ'a- 
riontub:.    ThesLctuallydidnotreali.ethattheywerelook.ng 
through  a  diaphragm  of  varying  aperture,  but  thought  Uiey 
saw  self-luminous  or  transparent  objects.     And  they  were 
Ire^ver  not  sure  whether  the  size  of  the  object  increased 
and  decreased  or  whether  its  distance  was  changed.     Such 
dutinctlns,  then,  as  that  of  Hering  referred  to  above  denote 
a  confusion  of  the  physical  properties  of  light  with  the  char- 
aceristicsofourlightsensations.     A""*' -  )"^^*•^^^°f  "^;°," 
that  prevents  both- Aubert  an.!  Hering  from  seeing  that  some- 
thing more  than  brightness  or  brightness-contrast  is  required 
for  lustre      Psychically  there  is  not  such  a  thmg  as  light  sensa- 
t^i^s  of  different  quality  or  intensity  which  -e  c^nciden 
in  Wh  space  and  time.     If  several  light  stimuli  of  different 
quX  .'d  intensity  are  applied  simultaneously  to  the  same 
retinal  points  the  accompanying  sensation  is  always  simple 
and  singTe.     Only  when  either  spacially  or  tempora^^X  separ- 
ated are  the  impressions  not  so  combined.    Wundt    hrst  in 
f86,   showed  conclusively  that  the  characteristic  of  lustre, 
whether  monocular  or  binocular,  is    incomplete   mirronng. 
Te     a  combinafon  of    mirror  reflection    and   diffuse   hght, 
which  combination  depends  on  the  parallactic  relations  ansing 
7rom  movements  ofjhe^ye  or  from  binocular  combmationof 
'"^TlM^r  *r»a*ta»p  d..  Gla....    (Pogg.ndorf.  Ann.le.,  B«..l   ..6, 
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images  upon  the  two  retinas.  Both  these  parallactic  relations 
(of  the  "double  eye"  and  the  moved  eye)  involve  the 
th,rd  dimension,  and  the  great  contribution  made  by  Wundt's 
w.)rk  to  the  subject  lay  in  showing  that  the  space  relations 
which  are  adequate  for  the  explanation  of  lustre  must  be  three- 
dimensional.  Wundt  shows  also  that  strong  contrast,  whether 
of  quality  or  intensity,  favours  the  phenomenon. 

The  relation  of  differences  of  brightness  to  the  phenomenon 
of  lustre  has  been  further  elucidated  by  Kirschmann'  who 
distinguishes  the  genuine  or  parallactic  lustre  from  an  apparent 
or  false  lustre,  the  latter  consisting  in  certain  brightness  relations 
which  are  unusual  in  pure  diffuse  reflection,  but  commonly 
accompany  the  true  or  parallactic  lustre.  If  we  have  two 
bodies  with  level  upper  surfaces,  one  of  which  is  lustrous  and 
the  other  is  not,  the  former  will  from  one  direction  appear 
brighter,  from  all  others  darker  than  the  latter.  If  the  sur- 
faces are  curved,  there  will  be  more  than  one  direction  from 
which  the  lustrous  body  appears  brighter  than  the  non-lustrous. 
But  then  also  there  will  be  adjacent  parts  of  the  curved  lustrou" 
surface  which  present  differences  of  brightness  such  as  do  not 
occur  on  the  dull  surface,  under  the  same  ^.onditions  of  illum- 
ination. Now  having  from  experience  learned  that  a  con- 
tinuously curved  dull  surface  does  not  present  strong  contrast  of  _ 
intensity  in  constant  illumination,  if  we  see  on  a  surface 
brightnesses  near  each  other  ,such  as  according  to  our  experience 
cannot  occur  on  a  dull  surface,  and  if  we  are  not  upon  any  other 
ground  doubtful  about  the  spaeial  conditions,  we  conclude 
that  there  cannot  be  only  diffuse  light  present,  but  that  the 
surface  is  lustrous.  But  this  apparent  lustre  can  be  produced 
artificially,  apart  from  any  parallactic  relations,  by  suitably 
illuminating  the  single  parts  of  the  surface  independently  of 
each  other.  Painters  also,  provided  that  the  brightness 
differences  of  the  lustrous  bodies  which  they  reproduce  upon 
the  canvas  are  not  too  great,  can  succeed  to  a  certain  extent 
in  painting  lustre.     Really,  it  is  only  the  accidental  sign  of 

1  Der  Metatlghiiz  unit  die  Parnllnxe  drit  indireiicn  Srhnin.  (Philos.  Studien, 
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lustre,  the  brightness-contrast,  which  the  painter  puts  on  the 
canvas.  But  the  beholder,  in  whose  experience  this  sign  has 
been  the  almost  invariable  accompaniment  of  the  true  lustre, 
supplies  wliat  is  lacking  from  his  imagination.  These  bright- 
ness relations,  therefore,  though  regarded  by  Aubert,  BrUcke 
and  others,  as  the  characteristic  sign  of  lustre,  are  in  reality 
only  an  accidental  accompaniment  of  it. 

To  complete  the  account  of  the  factors  of  the  perception 
of  the  various  kinds  of  lustre  phenomena  further  reference 
must  be  made  to  the  above-cited  work  of  Kirschmann  on 
metallic  lustre.  Former  writers  had  identified  metallic  with 
binocular  lustre.  This  is  expressly  done  by  Aubert.'  Metal- 
lic lustre,  however,  is  perceived  quite  as  well  with  one  eye  as 
with  two.  Moreover,  in  the  stereoscopic  combination  of 
photographs  there  is  never  any  trace  of  metallic  lustre,  even 
where  the  binocular  lustre  is  most  perfect.  This  is  very 
strikingly  shown  in  the  accompanying  stereoscopic  picture 
(Fig.  ,^).  When  stereoscopically  combined,  the  picture  shows 
the  lustre  of  porcelain,  of  wax,  of  glass,  of  water,  of  a  mirror,  of 
polished  wood,  and  even  the  surface  lustre  of  metallic  objects, 
but  no  metallic  lustre.  It  might  be  objected  that  a  stereoscopic 
reproduction  on  paper  has  not  intensity  enough  for  metallic 
lustre.  But  the  same  photograph  has  been  used  with  the 
same  result  in  diapositives,  and  by  Professor  Kirschmann's 
method  of  exhibiting  stereoscopic  pictures  in  transmitted 
light  of  great  intensity,  superposed  on  a  semi-transparent 
screen.  (The  screen  is  a  large  plate  of  ground  glass,  and  the 
double  lantern  is  on  the  opposite  side  from  the  observer,  who 
combines  the  two  pictures  by  the  usual  means  of  a  pair  of 
spectacles  with  red  and  green  absorbing  glasses.) 

The  fact  that  metallic  lustre  depends  on  conditions  of 
monocular  vision  might  be  regarded  as  excluding  it  from  the 
range  of  our  discussion.  But  there  are  two  reasons  against 
its  exclusion,  first,  that  by  earlier  writers  it  was  considered 
as  at  most  a  special  case  of  binocular  lustre;  secondly  and 
chiefly,  that  the  factor  to  which  it  is  so  conclusively  proved 


I  Fhysiohfftache  Optik,  p.  553. 
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by  Professor  Kirschmann  to  be  referable— the  parallax  of 
indirect  vision — is  a  supplement  (and  for  one-eyed  persons  a 
substitute)  to  the  conditions  proved  by  Wundt  to  be  essential 
for  the  perception  of  lustre,  whether  binocular  or  monocular. 
Inasmuch  as  this  work  on  metallic  lustre  has  Ijcen  extensively 
discussed  in  French  and  German  publications,  but  not  hitherto 
in  English,  there  is  given  here  the  summary  with  which  the 
author  concludes  his  exhaustive  investigation  of  tlie  subject. 
The  summary  is  translated  directly  and  in  full  in  order  to 
preserve  the  quasi-mathematical  character  of  its  demonstra- 
tion per  exclusionem. 

1.  Metallic  lustre  is  a  characteristic  phenomenon  which 
everybody  distinguishes  from  other  light  phenomena  independ- 
ently of  any  previous  knowledge  of  the  objects,  illumination, 
etc.  A  definition  of  metallic  lustre  can  therefore  claim  no 
more  value  than  a  definition  of  the  sensation  red.  The  desig- 
nation of  the  phenomenon  is  quite  irrelevant.  "Metal"  and 
"metallic  lustre"  have  psychologically  nothing  to  do  with 
each  other. 

2.  For  our  consciousness  Ught  impressions  are  distinguished 
only  with  regard  to  intensity,  quality  (colour  and  saturation) 
and  space  and  time  relations.  The  phenomenon  of  metallic 
lustre  must  accordingly  be  referable  to  these  four  factors  or  a 
part  of  them. 

3.  As  regards  intensity  there  are  three  elements :  (a)  inten- 
sity of  the  whole  surface,  (6)  intensity-relations  of  the  parts 
of  the  surface  to  one  another  or  of  the  whole  surface  to  other 
impressions,  (c)  changes  of  intensity.  The  possibilities  which 
come  under  (6)  and  (c)  belong  also  under  the  space  and  time 
relations  and  will  be  discussed  in  connection  with  them.  Since 
metallic  lustre  is  entirely  independent  of  the  strength  of  the 
illumination,  it  cannot  depend  on  the  absolute  intensity  of  the 
whole  surface. 

4.  Since  there  arc  completely  colourless  metals,  and  since 
further  metallic-lustrous  surfaces  retain  their  characteristic 
property  in  coloured,  and  even  in  approximately  monochro- 
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matic  light,  the  participation  of  the  colour-tone  and  saturation 
in  the  essential  conditions  of  metallic  lustre  is  excluded. 

5.  As  regards  the  time-relations  metallic  lustre  is  independ- 
ent of  the  duration  of  the  total  impression  of  the  surface  con- 
cerned; it  is  perceived  in  very  short,  so-called  instantaneous 
illumination.  Moreover  a  change  in  the  properties  of  the 
total  impression  cannot  be  the  cause  of  metallic  lustre,  since 
the  latter  is  perceived  in  demonstrable  constancy  of  the 
optical  relations  between  the  surface  in  question  and  the  eye. 
The  temporal  relations  of  single  parts  of  the  surface  fall  also 
under  space  relations,  and  will,  therefore,  be  discussed  in  the 
following  paragraphs. 

6.  The  space  relations  are  either  those  of  the  whole  surface 
or  those  of  the  parts  of  the  surface  to  one  another.  The  space 
relations  of  the  whole  surface  are  form,  size,  and  position 
relations  to  other  surfaces  in  the  vision-field.  Form  and  size 
are  quite  irrelevant  for  metallic  lustre.  Since,  moreover, 
the  environment  of  the  metallic-lustrous  surface  is  without 
influence  on  the  characteristic  of  the  phenomenon,  the  metallic 
lustre  cannot  depend  on  the  space-relations  of  the  whole  sur- 
face. The  only  condition  with  regard  to  the  space-relations 
of  the  total  impression  is  that  there  must  be  a  surface.  A 
point  in  the  vision-field,  i.e.,  a  light  impression  not  perceived 
as  a  surface,  no  matter  what  its  intensity  or  its  changes  of 
intensity,  never  has  the  property  of  lustre. 

7.  There  remains  now  as  the  only  possibility  the  conclusion 
that  metallic  lustre  depends  on  spacial  or  spacial-temporal 
relations  of  the  parts  of  the  impression  to  one  another.  These 
relations  can  only  have  a  meaning  if  the  parts  of  the  impression 
which  come  in  question  show  differences  of  quaUty  or  intensity. 
But  since,  as  mentioned  above,  metallic  lustre  occurs  in 
objects  which  reflect  completely  colourless  light,  and  since, 
further,  monochromatic  illumination  does  not  destroy  metallic 
lustre,  the  quaUty  of  the  parts  of  the  impression  cannot  be 
influential.  Metallic  lustre  must,  therefore,  depend  on  spacial 
or  spacial-temporal  relations  of  partF  of  the  total  impression 
which  differ  in  intensity. 
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8.  These  relations  of  the  parts  of  the  impression  or  of  the 
retinal  images  to  one  another  are  either  constant,  therefore 
spacial  only,  or  changing,  therefore  spacial-temporal.  If 
constant  space  relations  were  the  basis  of  the  phenomenon  of 
metallic  lustre,  then  it  must  be  possible  to  reproduce  this 
phenomenon  through  a  certain  arrangement  of  different  in- 
tensities in  the  surface.  But  this  is  not  the  case.  There  can 
accordingly  only  be  inconstant  relations  concerned.  These 
may  be:  (o)  intensity-changes  with  fixed  space  relations, 
(6)  intensity-changes  with  changing  space  relations.  The 
first  case  can  occur  only  if  the  parts  of  the  metallic-lustrous 
surface  are  either  self-luminous  or  illuminated  independently 
of  each  other  by  changing  light-sources  of  different  intensities. 
This  case  is,  however,  entirely  excluded.  The  question  must, 
therefore,  be  concerning  changes  of  intensity  with  changing 
space  relations. 

9.  The  occurrences,  which,  so  far  as  concerns  the  retinal 
image,  play  their  part  in  two-dimensional  space,  must,  so  far 
as  the  objects  are  concerned,  either  be  likewise  of  a  two- 
dimensional  nature  or  demand  for  their  occurrence  the  depth 
dimension.  In  the  former  case  a  change  of  position  of  the 
points  of  different  intensity  in  the  surface  must  be  assumed. 
This  change  of  position  cannot  be  caused  by  a  change  of  the 
spacial  relation  of  the  object-surface  to  the  eye;  for  through 
such  a  change  nothing  would  be  effected  which  could  not  also 
be  produced  by  movement  of  objects  with  dull  and  not  homo- 
geneous surfaces.  Since,  however,  in  the  metallic-lustrous 
objects  known  to  us  we  cannot  speak  of  an  objective  change 
of  position  of  single  reflecting  parts,  there  remains  then  only 
the  possibility  that  the  objective  arrangement  of  the  light  upon 
which  metallic  lustre  depends  is  three-dimensional. 

10.  Inconstant  three-dimensional  relations  in  visual  space 
with  constant  space-relations  of  the  parts  of  the  object  to  one 
another  can  only  be  parallactic  relations.  Metallic  lustre 
must  accordingly  have  its  cause  in  some  parallactic  relation 
between  sight-organ  and  object. 

1 1 .  There  are  three  parallactic  relations  possible  in  three- 
dimensional  visua!  space,    (i)  the  binocular  parallax,  (2)  tlic 
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movement  parallax,  (,\)  the  parallax  of  indirect  vision. 
The  binocular  parallax  can  have  no  influence  upon  the 
phenomenon,  for  the  latter  is  quite  as  well  perceived  monocu- 
larly.  It  never  seems  to  play  even  an  auxiliarv  part.  For 
in  the  binocular  union  of  stereoscopic  pliotographs,  the  surface 
lustre  shows  excellently,  but  there  is  no  trace  of  metallic 
lustre.  The  parallactic  phenomena  depending  on  the  change 
of  place  of  the  object  or  of  the  eye  have  no  meaning  for  metallic 
lustre  for  it  is  perceived  with  the  unmoved  eye  and  with  com- 
plete rest  of  the  object. 

IS.  It  follows  then  as  the  only  possibility  that  metallic 
lustre  depends  on  the  parallax  of  indirect  vision. 

13  The  phenomena  of  the  parallax  of  indirect  vision  are, 
in  apparently  homogeneous  surfaces,  as  the  metallic-lustrous 
bodies  seem  to  "-nssess  them,  possible  in  the  following  cases: 

(o)  If  the  "^ui '  u  .  is  not  actually  even  or  01  constant  curva- 
ture, but  is  made  up  of  many  small  surfaces  inclined  to  one 
another,  which  reflect  regularly  and  are  so  small  that  they 
cannot  be  perceived  separately.  Since  every  one  of  these 
small  mirror  surfaces  reflects  the  rays  coming  from  the  strong- 
est light-source  only  in  one  direction,  every  change,  even  the 
slightest,  of  the  position  of  the  object  or  of  the  eye  and  every 
smallest  fluctuation  of  the  accommodation  or  fixation  must 
produce  a  change  in  the  position  and  brightness  relations  of 
the  single  light  points.  These  changes  or  parallactic  displace- 
ments are  indeed  too  small  to  be  directly  spacially  perceived. 
But  they  are  -jrcat  enough,  on  the  ground  of  the  peculiar  use 
of  the  parallax  of  indirect  vision  for  depth  perception,  to  give 
rise  to  a  characteristic  phenomenon  which  is  not  to  be  mistaken 
for  any  other. 

(6)  If  the  metallic-lustrous  body  consists  of  many  small 
parts  (crystals)  which  are  sepaiated  by  empty  interstices  (or 
interstices  filled  with  an  optically  thin  material)  and  which 
regularly  transmit  a  large  proportion  of  the  light,  and  have 
mirroring^d.e.,  regularly  reflecting)  surfaces.     The  light  re- 

(')  Vide  article  by  the  same  author  on  Di€  Parallaxf  dea  indirectm  Sehens  und 
tvalir  rmigfn  Pupillen  der  Kalie     (I'hilos.  Studien.  ix,  447  etc  ) 
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flecU'il  in  a  Riven  iliriction  consists  thtn  of  several  components, 
which,  because  of  tlic  ililTercnt  reflection-sources,  have  a  more 
or  less  great  path-difference.  The  components  of  one  and 
the  same  ray,  therefore,  act  as  rays  from  diflerent  distances. 
Every  cliange  in  the  dioptric  condition  of  the  eye  (cliange  of 
tlic  accommodation,  displacement  of  the  iliaphraRms  in  the 
rotation  of  the  eye  around  its  centre),  even  if  it  is  extremely 
small  and  takes  place  quite  unconsciously,  must,  therefore, 
entail  the  above-mentioned  changes  in  the  configuration  of 
the  briglit  and  dark  points  of  the  retinal  image,  which  are 
characteristic  for  the  parallax  of  indirect  vision. 

Of  these  two  possibilities  the  latter  seems  to  be  the  more 
probable,  inasmuch  as  it  is  confirmed  by  the  results  of  physical 
investigations. 

14.  It  must  be  possible  to  pro<luce  the  phenomenon  of 
metallic  lustre  artificially  l)y  wholly  non-metallic  means,  so 
far  as  the  conditions  can  be  reproduced  for  the  occurrence  of 
the  parallax  of  indirect  vision  in  such  a  way  that  the  parallactic 
displacements  cannot  be  directly  recognized  as  changes  of 
position  and  distance.  (This  conclusion  is  experimentally 
completely  confirmed  by  the  preparations  made  by  I'rofcssor 
Kirschmann  and  described  in  the  article  from  which  the  above 
summary  is  translated.] 

2.  Experiments  on  Intensity  as  a  Condition  of  Lustre.  We 
return  now  to  our  subject  proper,  viz.,  the  relation  of  intensity 
to  the  perception  of  stereoscopic  lustre.  The  characteristic 
of  lustre,  as  we  have  seen,  is  incomplete  mirroring,  or  the  com- 
bination of  regular  and  diffuse  reflection.  A  lustrous  surface 
reflects  the  light  which  falls  upon  it  partly  diffusely,  i.e.,  in- 
differently in  all  directions,  and  partly  regularly,  i.e.,  with  a 
constant  relation  of  the  angles  of  incidence  and  of  reflection. 
From  a  certain  direction  or  directions,  a  lustrous  surface,  on 
account  of  this  regular  reflection,  appears  brighter  than  from 
all  others.  Therefore,  in  binocular  vision  a  given  point  in  a 
lustrous  surface  has  never  the  same  intensity  for  the  two  eyes; 
and  the  nearer  the  approach  to  complete  mirroring  the  greater 
will  be  the  difference.  Now  by  making  use  of  the  stereoscope 
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wc  c.„  construct  the  objects  to  !«.  presented  to  the  two  eve. 
separately  so  as  to  produce  l.y  independent  ilIumina"ron  o 
then  those  .hfferences  of  brightness  which  in  ordinary  brn^ula r 
vision  are  due  to  the  spacial  relations  of  the  ob?ec  to  the 
respective  eyes.  Having  the  conditions  thus  und^r  contro 
we  can  vary  the  relation  of  the  intensities  at  our  wH,  and  Ly 
this  means  can  determine  within  what  limits  of  b  Iki"  ne« 
contrast  between  the  retina,  ima.es  the  phenomenon  SZl" 

The  lustre  thus  produced  is  sometimes  called  an  "illusion" 
of  shine  or  polish'  The  difference,  however,  must  be  S^ 
out  between  this  case  and  those  referred  to  by  Kirsc^ann 
a  n2,  ''^'''  """^  ""  "PP*"""--^  °f  lustre's  prc^red  in' 
surfac  K^  "  "'""'"''  "'  ^^^'^^'i"?  brightness  or  on  a  duU 
Tarts  ?y  "PP^P"""'  independent  illumination  of  adjacen 
extt  as  r„  .h'     ""  '""  '"^  '"■"'  °P«"'  ""ditions  do  no 

Ly  memory  or  imagination.     In  the  case  of  images  of  dX"!, 
intensity  binocularly  combined  by  the  help  of  the  s.er^!^ 
however,   the  optical   conditions  are  prec.sllvthnT^?^.' 

it  "tl^'Sr-^"^^"-^-  ""  "^^-''  '-  -'""«''  -  "'ulni 

For  the  purpose  of  determining  the  limits  of  intensity  con 

trast  for  the  production  of  stereoscooic  l„«.r.         "^"^  '°"- 

ments  were  made  with  an  appi  "us  rte    ar^e  in       '  'T"" 

hanfurd.  i,r;„ „,„,„(„/  /;,,,:M„.,,,,  p.  i,, 
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shown  in  I'"i){.  4.  To  tliu  front  of  ii  tuMr  (>.s  cm  square,  at  a 
height  of  3s  cm.  alwvc  it,  arc  tixcd  t«.>  stiTw)sco|Ks,  the  ituier 
lens  of  each  of  wliich  may  he  covereil  'iv  a  small  shutter,  which 
has  a  spring'  to  keep  it  open  when  not  in  use  Hehind  the 
stereoscopes  is  an  episkotister  disc  turned  !>>  an  electric  motor; 
this  disc  is  constructed  so  as  to  vary  the  linht  transmitted 
from  0°  to  3JO°.  The  stereoscopes  are  arranged  Infore  the 
episkotister  in  sucli  a  way  that  one  eye  looks  through  it,  while 
the  other  is  unohscurcd.  Close  behind  the  disc  is  a  thin 
wooden  screen  of  the  width  of  the  table  an<l  6(1  cm.  in  height, 
painted  a  dead  black.  Through  this  screen  are  cul  two  open- 
ings on  each  side  .so  mm,  square,  opposite  the  lenses  of  the 
stereoscopes.  Behind  this  again  is  .1  second  black  womkn 
screen,  attached  to  the  table  in  such  a  way  as  to  be 
easily  moved  backward  or  forward.  (>n  this  screen  the 
objects  are  fastened.  Each  set  of  objects  was  lighted  h\  .m 
electric  lamp  placed  between  the  screens,  and  suspended 
from  the  front  one.  The  motor  which  turned  the  disc  was 
also  placed  between  the  screens.  The  adjusting  of  the  disc 
was  facilitated  by  the  use  of  an  incandescent  laiiqi  attached 
by  a  bracket  to  the  front  of  the  apparatus,  which  was  turned 
off  du  ,'rvations,  and  when  in  use  screened  by  a 

'.hade  're      .  of  the  observer.     The  experiments  Here 

conducieu  lu  a  u  uk  room,  and  the  apparatus  covered  with  a 
black  cloth,  so  that  the  eyes  might  be  shaded  as  completely 
as  possible  from  all  light  except  that  reflected  from  the  objects 
to  be  observed.  The  objects  used  were  of  two  kinds.  Those 
shown  in  Fig.  5  were  drawings  on  black  and  white  paper 
respectively,  having  a  back-ground  of  grey  cardboard  to 
which  the  drawings  were  fixed.  The  two  drawings,  when 
combined  by  means  of  the  stereoscope,  presented  the  appear- 
ance of  a  truncated  hexagonal  pyramid,  with  its  apex  project- 
ing towards  the  observer.  A  modification  of  the  drawings 
as  shown  in  the  cut  was  made  by  drawing  the  lines,  Iwth  on 
the  black  and  white,  with  gold  bronze,  the  contrast  between  the 
black  and  white  lines  being  so  great  as  to  cause  strife  of  con- 
tours. The  other  objects  used  were  also  outline  drawings, 
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squares  of  white  caZoL       H'^r"  °'  ""=  ^aratus, 
being  fixed  behLd  them "^  "t  "'T  "=''"'^«^'='y 

through  the  eoiskntUtor  ^-  "'"^"-"y,   tnat  on  the  white 

of  light  admitted  thoul"'^'  '-  "  """'^"'"^  ^he  amount 
from  the  white  surfl^^  epislcofster  the  light  reflected 

from  the  bt  I  i,f  "^Tert'"'™"'"''^'  *°  ^''^^  ««-'*" 
be  equal,  and  beyond  thZ  "^T  ""^  '"'^"^'''-^^  ™">d 

become  the  darktr      R  •  ^"'u  "'^  '"'"'^  '"^'^^^  would 

the  left  eye  u„otured=n\\t"H°"  '"^  '^'*  "^"'^  -'"> 
surface,  and  the  rieht  pv!T  u^  L  '^'^'^'"^  "P°"  ""e  black 
the  drawing  upon  fhe  whU      !?'  ''T^'  '"^  episkotister  at 

admit  onIyrsfn;^e  Jee  ^f  S"  T^  T  ""  "'  "  ^'  *° 
through  the  stereo.rnn?      V^  '^  °bserver  then  looked 

lustre  and  as  to  ZT  '"'"""^  *''"  ^^^'  ^'^  «^  *» 

Then  cra'ngrn;°o  tTrz:  r''""'°"  °'  '"^  ""^^-^  ° 

full  light      Th,n  k1  •     ■  °°^'^"^''  by  the  disc  or  received  the 

the  hiht  waiSLXrisL'tr  rr ''''  "■'•^^  "-^^ 

disc  could  be  adiusted  fT  h  ••  7  ^^'  *""'""'  that  the 
was  then  made  wth  the  obie^t™,  ""  ^™"'  ""^^  °*  '"^'^ 
was  seen  directly  and  the  h,TV  T"'^'"''  ^  '^'  ^"^  "Wte 
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at  each  increase  of  the  amount  of  light  admitted  through  the 
disc  to  diminish  instead  of  increasing  the  difference  of  inten- 
sity. The  illumination  used  throughout  was,  with  the  draw- 
ings upon  paper,  that  of  a  32  c.p.  electric  lamp  on  each  side; 
with  the  glasses  16  c.p.  lamps  were  used.  The  results  are 
given  in  Tables  X-XII.  The  judgments  were  found  to  be 
somewhat  difficult,  and  the  results  of  other  than  trained 
observers  were  not,  therefore,  of  much  value.  The  number 
of  observers  whose  results  are  given  is  small,  but  all  had  the 
advantage  of  much  practice. 


Object.  Hkxaoonal  Pyramid. 
Obsbrvbrs. 


AviiBACE  OF  Four 


Ratio  of 

White  to 

BUcli 


■61° 
Qi" 


■3' 
■■S3 

2.00 
63.50 
360.00 

375  60 
996.76 
1705.26 


None. 

Pai^ial, 

Slight 

Paitial, 

Slight. 

Complete, 

Good. 

Complete, 

Good. 

Complete, 

Good, 

Partial, 

Slight. 

Partial. 

None, 

Partial, 

Table  XI.    Object,  Rectangular  Pyramid.    Averaged  Results  of 
Three  Observers. 


*  Average  of  two  observere  only. 
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Tab...  XII.    0„kt,  Crvstal.    Ave.ao.d  R„„,,t8  o,  Th..e 

UaSERVERS 


Opanini  of  Dito 


oKiSd 

Obwund 

i: 

■4° 

30° 

55° 

31* 

Rfttio  of 
Whit*  to 
BUok 


l.6o 

None 

"•57 

Slight. 

4  SO 

Imperfect. 

9.64 

Good. 

77I-70 

Good. 

Q30.00 

Good. 

1666.38 

Slight. 

1983.66 

Slight. 

Partial. 

Partial. 

Complete. 

Complete. 

Complete . 

Complete. 

Partial. 

None. 


The  first  column  of  the  tables  gives  the  openings  of  the  disc 

h.  .  ^w-  7^'°  i^'  ^^^'°«^  "P°"  ""i'^  were  obscured  by 
he  eP'skotister.  The  second  column  gives  the  openings  when 
the  black  ,s  obscured  by  the  disc.     The  third  c^umn  shows 

black.  This  IS  obtamed  by  measuring  photometrically  the 
relafve  intensities  of  the  black  paper,  the  black  velvet^nd 

InLnU  »  ^^^'  "'''^-  '""^  'to™  "•"^  measurements  and  the 
ep.stok.ster  open.ngs  calculating  the  intensity  in  each  case. 
The  numbers  given  represent  the  intensity  at  each  point 

Ir^h  n  ',  "^1  r"  k'.  """"  "'  '°  '"^  '"^t^^  °'  the  stereosSpic 
comb.nat.on  of  the  objects.     Beyond  the  limits  of  the  numbers 

^c  :.T'  '^""'™' '''''  ^-  ''^*^''-  '-^^  -  "e^- 

co,tsrnf°T/'"°°'"™°"  ""'•'=*''  ''y  ^"^  observers  in  the 
When  th  w  '^Penments  was  a  sort  of  depth  contrast, 
fithe  n  7  °°  *"'  '™°*  °'  t"^  stereoscope  was  closed 

el!t  r^^'"  comparing  the  monocular  with  the  binocular 
effect  the  stereoscopic  depth  would  first  disappear,  and  then 
somet.mes  there  would  appear  a  distance  effect  th^  opposite 

therel  "  ^H  '"'  '""""'  °^'  ^S-  ""en  stereoscop^ally 
there  appeared  a  pyramid  with  the  apex  toward  the  ob^rver 

^th  Hn  "'"^  "  .*'*  ^'""^  "'^^^  "°"'^  "*  fi-t  -  fl«t  surface 
w.th  hnes  :.pon  it  and  then  in  a  moment  came  a  hollow  pyra- 
midal  box  with  the  base  toward  the  observer 
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summary  of  results. 

1.  For  the  production  of  any,  even  the  slightest,  degree  of 
stereoscopic  lustre,  one  retinal  impression  must  be,  on  an 
average,  from  one  and  a  half  to  three  times  as  bright  as  the 
other,  according  to  the  objects  observed. 

2.  Greater  constancy  is  apparent  regarding  the  upper 
limit  of  contrast,  beyond  which  no  lustre  appears,  which  is, 
approximately,  when  one  image  is  about  1900  times  as  bright 
as  the  other. 

3.  The  figures  regarding  the  limits  for  perfect  lustre  are  the 
least  regular,  the  lower  limit  ranging  from  a  ratio  of  whit'  to 
black  of  9.64  to  one  of  62.50,  and  the  ratio  at  the  upper  limit 
varying  from  375.69  to  920.00.  The  reason  for  the  greater 
variation  here  is  no  doubt  the  complexity  of  the  judgments 
required.  It  is  difficult  to  determine  what  is  to  be  set  down 
as  perfect  or  imperfect,  and  probably  no  two  observers  would 
give  the  same  decision  upon  that  point,  nor  even  the  same 
observer  at  different  times. 
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STEREOSCOPIC  VISION 

AND  ITS  RELITION  TO  INTENSITY  UNO  QOilLITY  Of 
LIGHT  SENSiTION 

SECOND  ARTICLE 
STBREOSCOPIC  VISION  AND  QUAUTV  OK  UOHT  SENSATION 

BY 

T.  R.  ROBINSON.  B.A. 


STEREOSCOPIC     VISION     IN     ITS     RELATION     TO 
QUALITY   OF    LIGHT   SENSATION. 

In  the  former  article '  an  account  was  given  of  some  experi- 
ments upon  the  application  to  the  two  retinas  of  light  stimuli 
of  different  intensity.  There  are  Mjmc  phenomena  of  equal 
interest  which  occur  when  the  respective  parts  of  the  stimulus 
are  of  different  quality.  The  presentation  of  different  colour 
stimuli  simultaneously  to  the  two  eyes  may  have  various  re- 
sults, according  to  the  degree  of  difference  in  the  (luality  of 
the  stimuli.  In  the  experiments  now  to  be  describc<l  the  fol- 
lowing questions  were  kept  in  view  : 

(1)  Will  the  ri suits  oljtained  by  the  previouslv  reported 
experiments  with  uncoloured  light  be  essentially  altered  by 
the  introduction  of  the  colour  factor  ? 

(2)  What  are  the  limits  of  possibility  for  binocular  mixture 
of  qualitatively  different  retinal  impressions  ? 

•  Cnivertity  of  Toronto  Stutiies.  Psycholoijical  Sc-ries,  Vol,  ii.  No.  2. 

f3)  How  is  such  binocular  mixture  of  colours  related  to 
the  stereoscopic  combination  of  the  retinal  images,  i.e.,  do 
differences  of  colour  affect  the  stereoscopic  combination,  or, 
on  the  other  hand,  does  the  stereoscopic  combination  facilitate 
or  hinder  the  binocular  mixture  of  colours  ? 

I.      COMPARISON   OF   MO.NOCULAR   AND   BINOCULAR 
INTENSITIES  IN  COLOURED  LIGHT 

A  few  experiments  were  made  upon  this  point  in  the  course 
of  an  investigation  by  the  author  in  connection  with  Fechner's 
paradox, '  referred  to  more  fully  in  the  preceding  article. 
Those  experiments,  however,  were  comparatively  few  in 
number,  and  made  with  only  one  absolute  intensity,  so  that 
the  results  were  not  conclusive.  The  chief  differences  from 
the  results  with  white  light  were  that  the  judgments  were 
more  difficult  and  less  decided,  and  that  the  region  of  equality 
in  intensity  between  monocular  and  binocular  vision  extended 
over  a  wider  field.  The  differences  between  the  results  of 
the  same  two  observers  were  noticeably  greater  than  with 

1  .\merican  Journal  of  Psychology,  Vol.  vii,  ,\o.  i,  pp   y  etc 
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uncolourcd  liRht,  pcrliaps  twcauw  the  Intensity  values  of  the 
colours  were  not  tlie  same  for  different  olHervers. 

A  furtlier  series  of  experiments  has  been  made,  followine 
a  nidincation  of  tlie  former  method.    The  apparatus  was  the 
same  as  tliat  used  for  the  experiments  in  binocular  lustre  ' 
except  that  ,1,0  objects  observed  were  plane  coloured  surfaeis 
instead   o     stereoscopic   objects.     On   each   side    were    two 
briKhtly  dkmunated  coloured  surfaces,  which  were  combined 
by  mean*  of  the  stereoscope.     Before  one  of  them  the  episko- 
tisler-d.sc  was  revolve,!,  so  that  the  surfaces  ditfercl  in  bright- 
ness, Hliile  remaining  similar  in  all  other  respects.     The  differ- 
ence m  brigluness  could,  of  course,  Ix-  varied  by  re-adjusting 
t  K  disc.     The  colour  was  furnished  by  coloured  gelatine  or 
thm  Kh,ss  plates  placed  over  the  openings  in  the  front  screen 
of  the  apparatus,  white  paper  being  placed  opposite  them  on 
he  screen  or  wall  at  the  back.     The  experiments  were  n.ade 
n  a  dark  room  by  two  observers,  who  took  turns  in  operating 
for  each  other.     They  began  in  each  case  with   monocular 
vision,  I.e.  by  looking  through  the  stereoscope  with  the  shutter 
covcrinK  the  lens  l>efore  which  the  disc  revolved.     Then  after 
the  obser^er  had  looked  for  a  few  moments,  the  shutter  was 
opened,  and  he  at  once  reported  whctlier  the  brightness  was 
equal  to,  greater  or  less  than  that  of  monocular  vision      A 
series  was  made  by  increasing  the  opening  of  the  disc  until  the 
raising  of  the  shutter  plainly  resulted  in  an  increase  of  bright- 
ness, then  by  decreasing  the  opening  until  monocular  and 
binocular  intensities  appeared  equal,  and  still  further  until 
the  opening  of  the  shutter  caused  a  just  noticeable  decrease 
of  brightness.     Then  the  opening  of  tlie  disc  was  gradually 

further  HI,  on  the  opening  of  the  shutter,  there  was  a  just 
noticeable  increase  of  brightness.  In  the  results  of  observer 
.Ll  T^^^^,"^  ""  "'"'"^'"  judgments  is  given  for  each 
series.  The  results  of  observer  "H"  were  calculated  a  little 
differently,  takmg  the  average  of  the  degrees  of  opening  of 
1  I'mvcrsity  „f  Tu-onto  Studies.  Psychological  Series.  Vol.  u.  No.  ,  p  „ 
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tht  disc  when  the  judKiticntii  were  "brighter,"  "darker"  and 
■equal,"  the  values  fnr  "brighter"  and  "darker"  being  regarded 
as  tlie  limits  (or  the  region  of  c(|uality.  The  colours  used 
were  from  near  the  middle  and  ends  of  the  spectrum,  being 
resp«-cti\ely  red,  i;Ren  and  blue.  Similar  scries  were  also 
mitde  with  white  light  for  the  purpose  of  comparison.  The 
wave-lengths  of  the  respective  ci. lours  were  approxima*<  \ 
as  follows  ;  red  6i,v740(.,x,  gre;n  480-^60,.,,,  blui-  440-50C,,,, 

Certain  special  difficulties  were  found  in  experimnujn., 
with  coloured  light.     First,  there  was  the  necessitv    .1   ;rli 
stracting   intensity    changes    from   saturation    chan,:t^    with 
iiicriasing  or  decreasing  illumination.     This  made  ilu    jjl; 
nients  in  some  cases  very  difficult,  especially  wit!'  the  liliu- 
I  liRht.     When  the  opening  of  the  disc  was  very  sni,.ll  iln'  ■ 
Has  competition  of  the  vision  fields,  that  of  the  darkemd  .ye 
having  either  no  colour,  or  a  slight  tinge  of  yellow,  due  u< 
binocular  contrast.     Secondly,  the  disturbing  effect  of  after- 
images had  to  be  more  carefully  guarded  against.     Again, 
each  observer  found  himself  able  to  distinguish  differences 
of  brightness  more  readily  with  certain  colours  than  with 
others.     Thus  the  discrimination  of  "H"  was  best  with  green, 
that  of  "J"  with  red.     A  further  obstacle  in  the  way  of  com- 
paring the  results  with  different  colours  is  that  the  same 
[  illumination  could  not  be  used  for  all  the  colours.     With  the 
red  it  was  found  necessary  to  use  a  100  c.p.  lamp,  as  with 
weaker  illumination  the  "equal"  limits  could  not  be  passed 
in  both  directions.     On  the  other  hand  this  very  bright  light 
had  certain  disturbing  effects  on  account  of  which  it  was  not 
used  with  the  other  colours;  the  fatigue  of  the  eye  was  very 
great,  and  the  after-images  gave  more  trouble.     Observer  "J" 
noted,  however,  in  spite  of  these  hindrances,  that  discrimin- 
ation was  less  difficult  with  red  than  with  white  light. 
I        The  results  of  these  experiments  are  given  in  Tables  I  and 
II.    They  show  the  same  general  dependence  of  the  relation 
of  monocular  to  binocular  intensity  upon  the  absolute  intensity 
of  illumination  as  is  shown  in  the  experiments  with  uncoloured 
light.     Difference  of  quality,  therefore,  does  not  apparently 
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affect  the  intensity  relations.  Where  the  brightness  of  th 
coloured  light  is  approximately  the  same  as  with  red  an 
green,  the  results  show  very  little  difference.  On  the  oth- 
hand,  the  very  great  difference  of  average  values  betwee^ 
blue  and  red  or  green  may  perhaps  not  be  due  solelv  to  th. 
difference  of  brightness.  This  indeed  seems  probable  in  viev 
oi  the  fact  that  in  the  former  experiments,  where  the  colour 
were  of  equal  brightness,  the  values  for  blue  were  with  botl 
observers  higher  than  those  for  red. 


Table  I. — Observer  H. 


QuaJily  Illmuinati,,!! 


Blue 50  c,p.  lamp 

S",'" sot-.p.  lamp  ,|6q 

5,'?; 'ootp.  lamp         ,0.00 

White....  lec.p,  lamp 


Intenitiiy 

rhot,,- 

melrically 

.VfeiuureJ 


which  ha«  no  efftK;f  on  Hri«htnp«,  of 
Uimmun  Vieual  field 


Onninii  of     ,       Uiiiti  of  "f,"'  ?'  tV 

the  Dt«c  lutenBity  I-'Blit  in  the 


»5,i 
26;* 


6 

"»* 

1          " 

SO           ! 

■6- 

i        •' 

6'        1 

■74 

Table  II. — Observer  J. 


Amount  uf  Light  in  the  Second  Eye 

which  hj.  no  ellecl  on  Brightne..  6t 

(.omniou  Vmual  Kield 


II.    BINOCUI.AR  MIXTURE  OF   COLOURS 

The  experiments  to  be  described  in  this  section  were  con- 
ducted with  the  purpose  of  discovering  the  effects  of  various 
degrees  of  difference  in  quality  between  the  two  retinal  im- 
pressions.    There  were  four  series  of  experiments  :  (,)   ,he 
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dark  field;  (2)  in  the  next  series  stereoscopic  figures  against 

a  dark  ground  were  observed,  the  impressions  in  the  respective 

I  eyes  being  differently  coloured;  (3)  in  the  third  case   ste  eo! 

scopic  figures  were  employed,   and   one  retinal  im^ge  was 

en.M  'h  ff'  ""^  ""~'°""''-  '■^'  '"  ""^  f^^h  -rikTn 
entire  y  different  method  was  employed,  and  the  colours 
occupied  the  wl.ole  vision  field,  instead  of  only  a  part  Tit 

(I)  ^lanc  coloured  surfaces  upon  a  dark  field.     Tlie  colours 
used  were  approximately  spectrally  pure,    the    surfaces   ob 

righMct  ^'"""-^r'^y  -'--d  paper,  i.lumina  ed 
b>     ight   w^ich   passed   through   combinations   of  coloured 

s  shown  m  F,g.  ,    and  a  schematic  representation  of  it    as 

tab  e.  A,  66  cm.  long  and  42  cm.  wide,  is  fixed  a  screen,  B 
of  the  same  width  as  the  table  and  65  cm.  high;  ,8  cm  be  ore 
h.s  screen  .s  another,  C,  of  similar  dimensi;ns.  Between 
l.e.e  two  screens,  at  the  middle  of  the  table  there  is  a  nar 
mon,  D,  to  enable  the  right  and  left  halves  of  the  rear  sc'een 
o  be  Illuminated  independently  of  each  other.  The  top  of 
he  table  and  the  surfaces  of  the  screens  and  of  the  panUion 

Z:  tn  ™  "T  I"^  ""  ""^"'  ^-  thin'wood:n 

discs,  E,  E,  one  on  each  side  of  the  partition,  are  fastened  bv 
screws  at  the  centre  only,  so  that  they  may  be  turned  at  win 
The  surfaces  of  these  discs  are  divided  into  seven  sectors 
covered  with  Milton-Bradley  coloured  papers,  The  discs  a^e 
so  placed  that  the  inner  edge  .f  each  comes  close  to  the  d  vLng 
partition.  In  the  centre  of  the  front  screen,  25  mm.  apart 
and  one  on  each  side  of  the  partition,  are  two  openings,  a"' 
4,  mm.  square,  through  each  of  which  can  be  seen  a  p,^rt  on 
of  one  sector  only  of  the  colour  disc  opposite  it.  TuraC  he 
discs  hus  bnngs  each  colour  in  succession  before  the  o^ings 

tubes  77'"'  '"''""  """  are  employed  two  shSn 
tunes,  1    F,    ,5  cm.  square,  and  91    cm.   long.     The   front 

oxactK  fit  in  thr-  front  screen.     The  inner  edges  of  the  tubes 
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scribed.     The  latter  »r.  X       I-       ,"^'^  openings  before 

.hich  ad^U  thfrds^f  Z\^T'\n"t:/V  •"'^"" 
•nay  not  interfere  with  fh.         !  ,  ^^"^  "'^  ""^  '"' 

theapparatusX:  VatdTtan"  /''  t""^^  '^^" 
ends  are  widely  apart      tTIu  f  k    ?^  '°  "'"  "'"^  ""' 

fitting  the  insWeof'the  tube  to  thf'  '^ '.  ""'^'^^'^"^  '"« 
a  soclcet  for  an  incInLrent'^t-^HX  ^Th"  '  '''"''' 
of  each  tube  has  a  narrow  slit   h  K  ,        "^^  "Pf"^'  ''' 

length,  through  which  Jn^;  '  ""'"^  """'■'>'  '«^  "'h' 
for  affixing  the  wirls  wS  ^"  ^"^-^hment  to  the  bio. 
and  a  screl,  c  ^  To  LTn^theTT  """  *''^  "«'"  -^"^ 
from  the  ends  V  the  tube  Thf  "  '"^  ''"'^^''  '«^'^"< 
fitted  with  a  groove  d  TL  I  >,  '  '"'*  °^  ^''^''  '"^e 
taining  the  comZa;;!  '    ,  °  7''!'''  "'^''^  ^"PP^d  frames  cor 

passed^ef^^TaX  ",fe«rt"  ''T'''  "•'■'^"  ""=  "«^ 
the  experiments  all  othrii^ht  "  "'  "''  '^'^"-     ^"rin 

By  the  use  of  ^^iCZ^S^JZ'T""'  ''""'  '"^  ™-" 
the  spectrum  was  divided  i«otw.  ''"''"  '""  ^'^'"""'^^ 
divisions.     These  colours  t»^  '  approximately  equa 

Baker  in  her  worl  upon   h/      ,t ''""  "'  '^'^^'^  "^^''  ^y  ^i- 

THeirspectro.co;:sr;;sr::^t^r™-'--- 


Red 

Orange-Red .  . 
Orange. .  .  . 
Orange-Yeliov 
Yellow. .  . 
Vellow-Green!, 

Green 

Oreen-Blue. 

Blue 

Violet 

Violet-Purple  J 
Purple .' 


'  66.S(?)-«J.5 

.;J7. 5-547.5 

5*5-497.5 
S4J.5-492.5 

5'5-4;2.s 
570-460 

<'»7.  5-665 

4**5-440 

6.S0-645 

4.1o-4ji 


Visible  iMirt  of      R«ion  of  »reat. 
apectriun  in  i^u   '  «"*  "itenaiiy  it. 

5    547-5      607.5-562. 


622. 


i  570-480 
550-447.5 

535-445 

4<)7.  5-4,10 

) 700-665 

1487.5-430 

6S0-6J5 

497-5-450  475-460 


555-5^5 
530-507.5 

5"  2  •5-4015 
49». 5-475 
470-463.5 
463.5-455 


-    ■    5-555 

SS5-530 

537.5-517. 

5^5-503.5 
573  ,5-493.! 
475-455 
470-453.5 
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an  upright  upon  wMch  was  fixed,'  at^h    h  irtTof  X  n'""""' 
oiner  is  changed,  and  a  new  observation  made      Ti,;=  • 
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of  the  other  colours      Pn„         l- 

each  other  colour  were  t'^X^Jf"""  "'  ^^  ~'»-  -**" 

colour  being  presented  to  ^htTot,  T'  '*'^''^'  '^-h 
and  once  as  one  of  the  hSg^ries  ^'J'l'^T^^  ""our, 
the  position  of  the  constant  «ll^  ^"^  °""^  observers 

left  or  .ice  versa  after  eachl?«  1^  r  "^  '''^  "«<«  '» 
for  each  colour.  So  that^th  /h^"'  T^  ""^  '^^"^  "^  "^le 
binations  of  each  coC  li^^'a^h  «her''"T'''  ""^  '""  '°"'- 
Tables  III  to  VIII  give  the  com k  1  ""°"'  **''^  """^ined. 
with  four  of  whom  Z  i^T^'lt  '""'''''  "^  '"  '"'^"«^'. 
the  latter;  so  that  inthe^ZZt:^  was  followed,  with  two 
■narize  each  of  the  twelT^o^f  "k"'  '""^  **"«  '•""- 
each  of  the  others  twen"  nl^^T         ^™    ™""**«'   ^'^ 

T..UE    III.-COMPLETE    H,V,«V 
"'■-'°™  ■=°'-°'--»s   uvrM • 
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Tablb 

VlII-NuM.>R   01.   oTH«   Colours    w,i„    which    th. 

'A..O.S      ,HE»0««.      OCCUR      ,0R      .«H      Col!"1. 

'rwSIS.'    1       B-'*;"'               lncon.t.„t 
Rnalry.      1        Rivalry.                 Mixture. 

Complete 
Mixture. 

OH..'...", 

7  8 

8  8 

8 

O  .  , 

oy 

Y 

YG 

5 
7 

6 

8 

10 

y 
ro 

10 
10 
1 1 

G 

GB 

'°                 i             II 

B 

"            i           •» 

v.... 

L'          1         9 

vp....:: 

8                   1                ^ 

10 

p. .. 

">                                 II 

10                                 ,  , 

0 

87 

•0'                 -           118 

114 

(2)  stereoscopic  figures  upon  a  dark  field.  In  the  exDm 
ments  thus  far  recorded,  the  objects  observed,  though  r^- 
bmed  by  means  of  the  stereoscope,  were  simply  plane  surfTc" 
differently  coloured.     The  question  naturally  pLentedti 

different  If  three-dimensional  figures  were   used   instead   of 
hte"(n  wWh     h'^k-  ^"'  ■'"'^^''  '"^^  ^"-'-^  "f '    e- 
or    impeded,  the    r.valrj-    of   the    vision-fields  intensified  or 
lessened,  by  the  effort  of  combining  the  outlines  into  a  three 
dimensiona  figure,  (.)  the  question  of  the  effect  which  diff 
ences  of  colour  have  upon  the  stereoscopic  comb  nation  of 
the  figures^    In  uwestigating  these  points   it  was,  of  course 
desirabe  th.t  the  method  followed  should  conform  as  nearlv 
as  possible  to  that  of  the  former  series  of  experiments     Ac- 
cordmgly  the  same  apparatus  and  the  same  coburs  were  used 
but  over  the  openings  for  observation  in  the  front  of  rhe  applr-' 

rrr:iXTfi^i:rr  ltd  x^r  •  "-"^' 

reflection    of  light.      Three   pairs  of  outline  drawings  were 

used,  one  forming  a  transparent  octahedral  crystal,  fnoZ 
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etchin,s  wet  ^nir        ^4  r^b:'^  "'"""•  ^'^ 

>vith  frosted  lines,  others  on  ZIL    T         "^  °"  ^^^"  S''''^ 

These  fisures  are  reDroduoJ  ^T  ""'^  "■*  """  <^'«=ar. 

«erc  used,  in  F,"s   3'to  ^  7,^  "'"^  '^  P""""*^  "  »hey 

in  the  same  man'er'a    thCe  w'  1,  T""'"'/  ""^  ™"''""«d 

cf  ™„,binations  of  eaci   cdouT  w  tf "  ^  u""-  *''  ""■""*■• 
in  this  case  sixteen  ^™.™''"7"t''  each  other  colour  beine 

colours  areshZTn  J,t;rto%y^«-l''-  ™«-  ^' 
show   the  effect    upon   the   str^  tables  XV  to  XIX 

differences  in  the  coTur  of  t,::.X«'"   ~""'"'"'°"   "'  '"^ 


Tahi.r   IX  — Compi.etk  Ri 


IvSTHRKnscnptr  Onrprrc 
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T»..xi.^„,„„ 


iSION 


«»0«COP|C    OHJKCTS 


IK 

« 

1« 

!6 

,t( 

,!» 

< 

,10 

4» 

4J 
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RKfiscopic   Objhi- 


Complete 

Khalry 

R. ... 

OR... 

1            « 

0 

S 

OY... 

Y.... 

1 

YO. ... 

G ... 
OB. . ,  . 

7 

B 

7 

8 

P.  .'.'.■.', 

7 
5 

Partial 
Rivalry. 

7 
7 
7 
7 


Inconstant  i 
Mixture.     I 


Complete 
Mixture. 


Table   XV.-o,j,„    T«AN5rAi,..s.T  r»v„.,    „.,  ^lk. 


Result  of  Colour 
Combination. 


Stehiiobcopic  Epfect. 
Perfect.    ■     Impaired. 


J.B...    ■X-V!.-0„j,„.    Qp.Q,.,    c^vsT.t.    o^■    G,o,,o    Ql.... 

Result  of  Colour  « 

Combination.  i SrinEosconc  Effect. 
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T*.L«  XVlI.-o.;.er.  Pv,.m,„  o.v  < 


'^'"'■'    -'^■'^'  -SUMMAKV    O,    XV-XVIIl. 
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of  the  colour,,  i  e  "he  WMn '  ;. "'""'"'«  *"  '"e  activity 
of  the  visi„n.fie Id,;  e  wo  "  "  me^  h'*"'"^"'^  "'  ""  "^«"^ 
where  the  impress  on,  in  ,h  ^""'^  "complete  rivalry," 

mixture,  and  are  not  aTrl^  -'^^  "'*'"  "'  complete 

phenom;non,  aTmLht  J  eTnec,T"'°"  °'  ""  ""'■"■  ^^is 
the  colours  were  near  v"™^  """"°'*  ^''''"™'  '^''"^ 

pair  of  exact  compSmS  Xr"'.  '":"  ""^  ""'  ""^ 
Plete  mixture  were  iTast  fr  qum  Th  '"^  '"'^^  "'  '^'""■ 
of  complete  rivalry  was  on  M  ..T  P^P""""-  "f  cases 
-^osc^pic  ouSZ  "with'tracc;-  ''''''  ''-''-  -^" 
^JTl^::;'^^:-,-- -^'^.;"an;.  ex..i.ted  in 

when   there  is  most   prolunced    "fife  If  H    '"^  ■"""  ^^"' 
there  is  frequently  at  the  JZ,-  "'^   vision-fields, 

Either  one  or  each  of  the  eoZe  I'nTc'l""""  '"""""  '^'^^"• 
direction  of  the  other   fe  Trn^""  "  ""^'^"^  '"  the 

.he  red  appearinr::;^^',;:;'.:"^^".'''"'  ""^  "'°-"' 
yellow)  or  else,  especially  where  tit  n  1  '^''™  "'^'"'  '° 

Plementary,  one  or  bo  h  ^M  aon'n       T"  T  """''>'  ^'""- 
alone,  i.e.,  of  less  saturation     r'^'^''"  *'"'"  "■'■^"  ^<^™ 

Shows  a  marked  dir:e\erertre"lrw;r  t^ ^^ 
(limensbnal    obiects   anri    .i,         "'  "'c  results  with  three- 
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or  toward  each  in  turn,  to  those  in  which  there  was  a  decided 
strife  of  the  vision-fields,  but  with  a  mixed  colour  appearing 
between  tlie  alternation  of  the  competing  colours.  These 
plienomena,  as  will  be  seen  from  the  numbers  in  these  tables 
are  comparatively  infrequent.  There  is  a  decided  difference 
between  the  proportion  of  cases  of  partial  mixture  with  three- 
dimensional  objects  and  that  with  plane  surfaces,  the  pro- 
portion being  greater  with  the  former. 

Tables  VI  and  XII  show  the  cases  of  complete  mixture 
of  the  colours.  These  cases  are  more  numerous  than  might 
have  been  expected,  in  fact  they  form  a  very  much  larg»r 
proportion  of  the  total  number  of  combinations  than  do  any 
of  the  others.  Complete  mixture  of  colours  is  not  nearly  as 
common  with  stereoscopic  objects  as  with  plane  surfaces 
showing  that  the  effort  required  for  the  stereoscopic  combin- 
ation interferes  decidedly  with  the  complete  mixing  of  the 
colours,  though  it  has  been  shown,  on  the  other  hand,  to  pro- 
duce a  partial  mixture  effect  more  frequently  than  that  occurs 
with  plane  surfaces. 

Four  tables  of  summaries  are  added,  giving  the  totals  of 
the  preceding  tables  in  parallel  columns  for  convenience  of 
comparison.  Tables  VII  and  XIII  give  the  total  numbers 
of  cases  of  the  occurrence  of  the  respective  phenomena.  Thev 
show  that  the  phenomenon  which  occurred  most  frequently 
with  surfaces  was  that  of  complete  mixture,  with  stereoscopic 
objects  that  of  partial  rivalry.  With  surfaces  rivalryof  mod- 
ified colours  was  the  next  in  order  of  frequency,  and  rivalry  of 
unmodified  colours  in  both  cases  much  the  least  frequent  of 

T  h,  ,m  P™P°"'™u°^  '^'''  "^  ^'"P''^'*  •"*^t"^«  i^  larger  in 
Table  VII  han  m  Table  XIII,  but  the  cases  of  complete  ri- 
valry are  also  more  numerous  here.  These  results  have  been 
noticed  already  in  connection  with  the  preceding  tables  These 
combined  tables,  however,  furnish  in  addition  a  basis  for  com- 
parison of  the  various  colours  with  respect  to  the  facility  or 
difficulty  with  which  they  mix  with  other  colours.  Tables 
\  III  and  XIV  summanre  the  results  from  a  slightly  different 
view.  They  show,  not  the  number  of  times  each  phenomenon 
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occurs  with  each  of  the  colours,  but  tlie  number  of  other  colours 
the  combination  of  which  with  each  of  the  colours  results 
m  the  production  of  the  respective  phenomena.  These  four 
tables  of  summaries  are  illustrated  graphically  in  Curves  I  to 
IV,  in  which  the  abscissa  lines  represent  the  twelve  spectral 
intervals  and  the  ordinates  represent  respectively  the  number 
of  cases  and  the  number  of  colours.  The  results  as  to  numbers 
of  colours  and  numbers  of  cases  of  occurrence  correspond 
quite  well.  The  spectral  colours  near  the  purple  end  are,  on 
the  whole,  shown  to  be  somewhat  more  active,  i.e  to  mix 
less  readily,  than  those  at  the  opposite  end.  The  regions  of 
greatest  and  of  least  mixture,  however,  are  found  between 
the  middle  and  the  ends.  The  colour  wliicli  mixes  most  fre- 
quently and  with  the  greatest  number  of  other  colours  is  the 
same  in  all  the  curves,  namely,  orange-yellow.  From  that 
point  the  curve  goes  somewhat  regularly  and  sharply  upward 
to  blue,  whence  it  abruptly  decUnes. 

Tables  XV  to  XIX  show  the  effect  upon  the  stereoscopic 
combination  of  the  differences  in  the  colour  of  the  impressions 
m  the  respective  eyes.  The  results  for  each  of  the  pairs  of 
drawings  used  are  given  in  a  separate  table,  and  the  combined 
results  in  Table  XIX.  From  these  tables  it  appears  that  the 
combination  is  seldom  much  impaired  where  the  colours  are 
not  too  different  to  admit  of  even  partial  mixture.  With 
rivalry  of  modified  colours  the  stereoscopic  effect  was  often 
completely  preserved,  and  even  in  a  number  of  cases  with 
rivalry  of  pure  colours.  The  cases  in  which  there  was  no 
stereoscopic  effect  were  comparatively  few.  (They  occurred 
for  the  most  part  only  where  the  competing  colours  succeeded 
each  other  very  rapidly).  They  occurred  also  mainly,  as  the 
tables  show,  with  the  etchings  upon  ground  glass,  where  also 
the  complete  mixture  of  colours  was  less  common.  This  is 
no  doubt  to  be  explained  by  the  fact  that  in  these  cases  the 
colour  contrast  was  stronger  upon  the  lines  than  upon  the 
surfaces. 

A  fact  worthy  of  note  is  that  with  all  the  observers  there 
appeared  occasionally  a  lustre  similar  to  that  produced  by 
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the  combining  of  black  and  white  objects  or  surfaces.  With 
this  there  appeared  also  usually  a  "transparenc<;"  effect,  one 
colour  being  reported  as  "seen  through"  the  other.  Careful 
examination  of  these  cases  showed  them  to  be  due  to  slight 
difTerences  of  brightness  between  the  two  colours.  Re-ad- 
justment of  the  lights  always  caused  the  lustre  or  transparence 
to  disappear.  These  cases,  however,  suggest  an  interesting 
question  regarding  the  problem  of  binocular  lustre,  as  they 
seem  to  indicate  that  that  phenomenon  may  be  produced 
with  much  smaller  differences  of  intensity  between  the  two 
retinal  impressions,  where  there  is  also  a  marked  difference 
of  quality, 

(j)  Mixture  of  coloured  and  uncoloured  impressions.  The 
apparatus  and  method  employed  in  this  series  of  experiments 
were  the  same  as  in  the  two  preceding,  and  the  objects  were 
the  same  as  in  the  last  series,  except  that  while  one  of  the  col- 
ours before  described  was  behind  the  drawing  presented  to 
one  eye,  behind  that  presented  to  tiie  other  was  one  of  a  series 
of  greys.  Only  one  pair  of  the  drawings  described  in  section 
(2)  were  used,  namely,  those  etched  upon  clear  glass,  and 
forming  a  transparent  octahedral  crystal  (Fig,  3),  Six  greys 
of  the  Prang  series  were  u,sed,  selected  so  as  to  be  about  equally 
graduated  in  brightness.  In  experimenting,  the  colour  in 
use  was  made  of  equal  intensity  with  the  grey  by  adjusting 
the  position  of  the  lamps,  in  the  same  manner  as  before  de- 
scribed for  equalizing  the  intensity  of  the  two  colours  in  the 
experiments  where  different  colours  were  presented  to  the 
respective  eyes.  The  light  illuminating  the  grey  was  passed 
through  a  gelatine  which  excluded  any  trace  of  yellow,  leaving 
the  light  as  nearly  as  possible  absolutely  colourless.  Each 
of  the  six  greys  was  combined  with  each  of  the  twelve  colours, 
the  greys  being  kept  on  one  side.  Then  the  grey  and  the 
colour  were  interchanged,  bringing  the  grey  before  the  other 
eye,  and  the  series  repeated.  Such  a  double  series  was  made 
by  one  observer  only,  and  by  another  a  single  series.  There 
were  thus  in  all  three  combinations  of  each  of  the  six  greys 
with  each  of  the  twelve  colours.  The  total  number  of  experi- 
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ments  was  therefore  not  nearly  so  great  as  in  the  investigation 
regarding  the  mixture  of  coloured  and  uncoloured  impressions. 
The  results,  however,  are  of  decided  interest.  They  are  in 
some  respects  more  regular  than  with  combinations  of  two 
colours,  and  exhibit  other  marked  differences  from  the  former 
results.  The  results  of  one  series  are  given  in  full  in  Tables 
XX  to  XXV.  The  results  of  all  three  series  are  summarized 
in  Tables  XXVI  to  XXVIII.  They  are  also  graphically 
represented  in  Curves  V  to  VII.  Curve  V  combines  the  results 
in  Tables  XXVI  and  XXVII— the  results  for  one  observer. 
Curve  VI  represents  the  results  for  the  other  observer,  and 
Curve  VII  gives  the  combined  results  of  the  two  observers. 


Table  .X.X.— Odsek\  er  P.  T.   G»f.v  So.  i  in  Left  Eve. 


Colour  in  Right  Eyk 

Effect  of  Combination. 

Red. . . 

Rivalry  at  lirst  of  light  grey  and  brilliant  red, 

then  of  grev  and  dull  orange,  finallv    mixing 

to  orange  of  low  saturation,  but  highuitensitv. 
Slight    rivalry,    subsiding    almost    immediateiv 

into  light  brown  mixture. 
Less  rivalry.     Unsteady  '.rown  mixture. 
Same  effect  as  with  orange,  only  lighter  bn   .n. 
Mixture,    saturation    growing    less    till    yellow 

becomes  very  faint. 
Rivalry  at  first,  then  yellowish  mixture. 
Mixture,  green  gradually  fading,     Final  effect 

good  pea-green. 
No  rivalry.     Grey-green,  fading  to  greenish  grey. 
At  first  rivalry  of  blue  and  grey,  then  mixture. 

with  blue  predominating  at  centre  and  grev 

at  periphery. 
Rivalry  of    bluish  grey  and  pale  violet  in  outer 

portions  ;  in  centre,  mixture,  greyish  violet. 
Strong  rivalry  of  greyish  yellow  and  purple. 
At  first  rivalry  between  light  grey  and  purple 

of  less  saturation  than  when  seen  alone,  finally 

settling  into  a  faint  vello\¥,  with  at  times  "a 

suggestion  of  pink. 

Orange-Red 

Orange- Yellow 

Yellow 

Yellow-Green 

Green-Blue 

Blue 

Violet 

Violet-Purple 

Purple 
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T,„,.„  .\-.XI,-Obsb»vk»,  RT.     Grkv  Xo.  ,  ,.  Lept  Ev.. 


Cor.oi  R  IN  Right  Eve. 


Red  . 


Effect  op  Combinatu 


OniiiRt'-Rerl. . 


Oranpc 

Orangc-Vellow 


Strong  rivalry  at  first  between  red  and  grev  then 

o^Ll'-rT"""^    "'"''^    between  ^i' 'and 

Slight  rivalry  of  grey  and  orange,  then  mixture 

.in?o"ir  Zlt'""  '''  »f"' '    FinallTS';^ 

Light  brown.     Ao  rivalry 

Yellow  .in^e'-Tpali'^"'  ^=^'  "■">■  "=-«"'  --«!= 

Vellow-Grcen r™'  ,*!'*''"tly  inconstant    yejlow. 

Gr.;cn. .           romSS  "  "'"'"■'•  V^'V  '^'''•""1^  P-«™i'h  grey 

Green-Blue u?    1^'""  ""•'"'"•c,  light  pea-green.            *    '^ 

"V"!'^  °'  srey  and  blue,  settling  down  to  a 

Blue. .  n,f  ^'■^J'  "^'i"  "  ""<•"-■  °f  >'''»■■ 

tiLf  "'■■   '"'"  ''*'"  '-"JSestion  of.  blue  at 

vHl!  p'  ■  ■; r's!2'  ^i^ri"  xj-""-^^"  «-r.  Aiw.y. 

'  """-P-P'= i  Riv.*>-  ■"  yf  lowisVgSy  and  purple.     After  a 

Purple  D-  ^^  ^"!  '"'"»  "'"  '""?" 

■^     '*'.^f-^''  ="  S"'  of  Jisht  brown  and  purple,  settling 

into  an  unsteady  purplish  brown  ^""■'K 


Table  XXII.-Obs,.vei,,  P,  t  .    Obey  No.  3  m  Left  Ivve. 
CoLot^^sR^oHTEve.l  Efpect  of  COM.,.v„,o.. 

'*'"' I  •""'unt'"^^-  ^  ««>"  K^y  "ith  ,rigrrp,^;;i;nir 

°""^"''"' I  '-^i^^'^--     Surface  bright,  with  faint  tinge  of 

Y^ow-G^een  ::  i !  i :  .'j  fe  e^iS^^ilhT^^  "  "'^^  »«"• 

gir.-^'---'----!^ 

^'^'« ■■••■•■-■I  feSf4'„^o;eVa„r,^So"^ih^'-,, ,,.  ^,, 

IV  ,  i  Ti       ,  1       predominatinir.  «    />  i-"*:  grey 

'"'"'^'-'^''^'^ S«|!i«  -a'/y  at  fir...     Soon  become,  a  light 

grey,  with  suggestion  of   yellow.     A  Kjrtfon 

'^     °«"L  I    >«"«   brownish  surface   a  slight   and 
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Tadlk  X.\III._o»s.»ve»  p.  T.     G»kv  No.  <  ,x-  L.pt  Eve. 


In^nLi,  ,N  K.OHT  Eve.  e,„.ct  of  C„.Mn,v,T,o.v. 

"'"' Rivalry    of    white    with     re.l    uhich    Braclualir 

nr.n„»  n.  1  1  ,.  ''""^"mcs  of  less  satufatioti.  '  ■ 

Ort  Se  £?'"!  "'""fc'"      f"'"  rivalry. 

Orar.fic.       Rivalry  of  white  and  pale  re.l 

Yenow  ■ Complete  mi.xture,  pinLish  while. 

<.'  °"  P '  Mixture,    very    light    b,   ,vn. 

Fellow-Green Perfect  miMure.  light  Rreen. 

I'  i; Perfect    mi.\ture,    pale   pea-sieen 

'ZT   '"' Comolete  mixture!^  ver,ri1>fh-    "iue 

V^f., Rivalry  of  white  and  ^ery  pale  blue. 

v'  i  .  n'  •  ■ ; Continuous  nvalry. 

'■"'"'•'^''T"'' f"':;:^-     (f-y    aWars    white.     Colour    never 

edylr  "         '"         ■     "'  "  "ronger  around 
''"'T''" ;  Continuous  rivalrj-.     The  grey  appears  white. 


Table  XXIV.-Observer.  P.T.    Grev  No.  5  ,n-  Left  Eve. 


CCLOt- R  IN  R.OKT  EVE.i EfFECT  OF  Co.V,mAT.ON. 

orange-Red ,  Rivalry  of  white  and  dark  brown,  brown  bcrom- 

Oran.,  '  v!"*^  .fainter  at  each  re-appearance. 

oSS«  Vrilow '  ^o.r'ra'O'-     Effect  is  yellowish  grey. 

yXw  j  A  dis  met  yellow.     No  rivalry.         ' 

•C-  W I  f*"   nvalry.     Very   faint    yellow 

Grl^""°"" '  y^"'-  «"=«"•     No    rilSry.'^     °"- 

GrS^Bi,;, I  S?  ."™''y-     ?'''^'  "  pea-green. 

'"™''^''" i  Mixture,   varying  from   pale  to   very  decided 

Blue  ;  I-Sr.?'    5™"°  "  '"°"  P-een  than  periphery, 

I  '"P"?!'™'  ">»"«■=.  varying  from  bluisii-wtiite  to 

-,.  ,  .  '      light  blue. 

I  Strong  rivalry  of  white  and  violet  ;  violet  never 

f„i  ,  u  _i  L,  ""^'ra  whole  surface, 

\.olet-Purple Riva  ry  ;    grey  seems  white.     Purple  i,  dark 

Puroie  j  „.'»'?  only  comes  over  half  the  surface. 

"'^" I  Rivalry  ;    first  white,  then  purple,   which  on 

'      disappearing  leaves  a  yelloivish  tinge,  then 
J      purple  comes  again,  but  disappears  quickly 
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T....  XXV.-0.sB«v..,  P.T.     G»BV  .Vc.  6  ..s  L^rr  Eve 


•^"oLouR  i.v  Right  Eve. 

Red.. 
Orange-Red. . 


Orange. 


Orange- Yellow.. 
Yellow 


Yellow-Green.. 

Green 

Green-Blue.... 


Blue 

Violet 

Violet-Purple, 
Purple 


Effect  of  Combination. 
Rivalry  of  red  and  white 
:      '^re'Zomh.rtii',"  ""  ^"'"•"'^''  '"'■  '"e  wh„. 
Rivalry  changes  not  very  rapid.     The  aooeir 
Ri'"ff,.'%'"""='<-'>- »hite  and  dark  broS 
Rna  rj-  of  white  and  a  brownish  hue 
Rivalry  of   light   grey   and    very    hght    brown 
brown  growing  weaker.  *  "' 

'"whlre'^S^Sfalif'^''  ""'*  "--'  "-  - 
Xo  rivalry.     A  uniform  pale  pea-green 

''?,;„?i^;sIfuTa.fr     "''''"   --'-■    ^"t 
3S,%S'!n.rS^tj*J^r"«M.oa 
Rivalry    of    white    and    violet.     Some    colour 
always   remains   around    edges 

"p^d^niSng":'"'^  ""^  P-P'»>  »■'■■■=  greatly 
'I'eniw  •  I?'''',  °'  ""'  "EP^'ii-s  white,  later 
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Results:  i.  The  cliaraetcr  of  the  rivalry  of  'he  vision- 
fields  differed  in  some  important  respects  from  that  which 
occurred  with  two  colours,  (a)  There  were  no  cases  of  "com- 
plete rivalry,"  i.e.,  of  rivalry  of  sensations  of  quite  the  same 
character  as  those  in  monocular  vision.  Kither  the  grey  was 
brishter  or  had  some  tinge  of  colour,  or  the  colour  wuj  of  less 
saturation  or  changed  in  tone,  or  several  or  all  of  these  modi- 
fications occurred  together,  (b)  Orange-red,  orange,  and 
orange-yellow  very  frequently,  and  even  yellow  and  purple 
in  some  cases,  became  brown  or  brownish.  This  never  oc- 
curred with  red,  which  when  modified  appeared  less  bright, 
or  of  lower  saturation  (i.e.,  pinkish)  or  changed  to  orange-red 
or  orange.  It  was  noticeable  that  the  brown  effect  came  not 
less  frequently  with  the  brighter  than  with  the  darker  greys. 
(c)  The  rivalry,  even  when  very  pronounced  at  first,  very 
frequently  subsided  more  or  less  quickly  into  an  inconstant, 
or  even  a  perfect  mixture,  (d)  The  phenomena  arc  accord- 
ingly classified  in  the  tables  in  this  section  upon  a  different 
basis  from  that  adopted  in  the  two  preceding  sections.  In- 
stead of  the  completeness  of  the  rivalry,  i.e.,  the  absence  of 
any  modification  of  the  competing  colours,  the  criterion  is 
its  permanence,  or  the  rapidity  with  which  it  subsides.  The 
term  "inconstant  mixture"  has  also  a  slightly  different  sig- 
nificance from  that  attached  to  it  in  the  former  tables.  There 
it  was  extended  to  include  the  cases  where  there  was  rivalry, 
sometimes  even  quite  pronounced,  but  with  a  mixed  colour 
appearing  between  the  alternating  colours.  In  the  present 
tables  it  is  used  only  for  cases  where  there  was  no  rivalry, 
beyond  an  unsteadiness  of  the  mixed  colour. 

2.  Complete  mixture  of  the  impressions  was  less  common 
than  with  two  colours.  This  was,  of  course,  to  be  expected, 
as  in  many  cases  the  two  colours  were  much  more  alike  than 
a  coloured  and  an  uncoloured  impression. 

3.  Comparison  of  the  various  colours  as  to  the  facility 
with  which  they  mix  binocularly  with  uncoloured  light  shows 
that  their  relative  quiescence  is  not  quite  the  same  when  they 
are  combined  with  uncoloured  light  as  when  they  are  combined 
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The  |.,ressio„  di.l  not  sc..,e  !„;«  a^lr     ,„:    1  r/Cuy 
as  with  otlii-r  combinations.  'requently 

bri.litn'i.s:  'This  :f 'h"""'  '•"     ""^  "'"^»  of  "-^dium 

intSSor^;::^.:::;tr:^...:::---:t;^-e 
'^":ir:7^''"">«v''"-'^-'-'uustrn:of\rrp" 

::;^/:un:ncrr'^--"— --  -^^ 

6^  In  a  number  of  cases  with  violet,  violet-purple  and 
purple  the  competing  grey  had  a  yellow  tinge.  Thl^curred 
both  w„h  the  deeper  an.l  the  lighter  greys.     As    a^Ze 

lit'  T"u°'  "'■"  ^'''■'■^"  ''■'"  "-^''-  -'"c  "lour? 
violet  and  yellow-green  are  about  complementarv,  these  are 
probably  to  be  regarded  as  cases  of  binocular  contrast 

7.  The  stereoscopic  effect  was  found  to  be  practically 
completely  preserv-ed  in  almost  every  case.  The  exceptTons 
occurred  near  the  beginning  of  the  experiments  when  the  ye 
of  the  observer  being  unused  to  the  conditions,  were  probably 
more  easily  fatigued.  When  these  experiments  were  repeated 
later  it  was  found  that  in  every  case  the  stereoscopic  eff«:t 
was  complete.  cuci 

(4)  Mixture  of  colours  covering  the  entire  vision-field     The 
experiments  so  far  reported  were  all  made  with  surfaces  or 

1  Univemtyof  Toronto  Studies,  Psyeho!ogicars.rie,.  VoirirNo:.  p^  ^ 
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objects  covering  only  a  portion  of  the  vision-field,  the  remain- 
der being  darkened.  The  following  experiments  were  differ- 
ently arranged,  thn  colours  covering  the  whole  of  the  field 
of  vision,  so  that  not  only  were  the  colours  more  extended 
spacially,  but  also  the  possibility  of  comparison  was  lessened. 
The  apparatus  consisted  simply  of  a  large  pair  of  goggles 
similar  to  those  worn  by  automobilists,  but  with  removable 
glasses.  The  frames  of  the  goggles  were  fitted  with  grooves, 
closed  at  the  bottom,  but  left  open  at  the  top,  into  which 
square  glass  slides  could  be  easily  inserted.  The  goggles  were 
fitted  closely  to  the  face  by  means  of  some  light  fur  attached 
to  the  back  of  the  frames,  so  that  they  could  be  adjusted  with 
comfort  to  the  observer,  and  yet  exclude  all  light.  They  were 
held  snugly  in  place  by  an  elastic  band  which  went  round  ilie 
head.  Two  sets  of  coloured  glass  slides  were  used.  One  was 
of  miperal-dyed  glasses,  five  in  number,  the  colours  being  red, 
yellow,  green,  blue  and  violet.  The  other  set  was  composed 
of  coloured  gelatine  combinations  placed  between  thin  sheets 
of  plain  glass.  These  were  twelve  in  number,  and  divided 
the  entire  spectrum  into  approximately  equal  sections.  Slides 
of  uncoloured  plate  glass  were  also  used.  The  spectroscopical 
analysis  of  the  colours  used  is  as  follows  : 

Spectroscopical  Analysis  op  the  Colours  Used. 
I. — Gelatine  Colours. 


Undiminished  in 
Intensity. 


Somewhat 
Weaker. 


Very  Weak. 


Red  (0 

Orange  (a) 

Orange- Yellow  (3).. 
Yellow  (4) 


Yellow-Green  (5).. 


Green  (6) 

Green-Blue  (7)... 
Blue-Green  (8)... 

Blue  (9) 

Violet  (10) 


Violet-Purple  (11). 
Purple  (13) 


720—589 

720—580        I 

720 — sao 
720—500        I 

580 — 490 

580-465        I 

570—440 

540—440        I 

530— 4»S 
470 — V.endl  I 
720 — 650  i 
510 — Y.end\ 
710 — 6ao  fl 
720—590        j 


560—530 
520-510 
510 — 480 
{ 650—580  \ 
1  490 — 440  ) 
f -30— 680) 
i  610—580  \ 
(465— 4.50  J 
r  440 — 4251 
1590—570  I 
J  570— 540  \ 
1 440—430 ) 

5'o — 530 

500 — 470 

l6ao— 5901 

1530—510/ 

480 — V.  end 


500—410 
f  580-560  1 
1470 — 440  i 

480 — 455 


1 730—680  1 
t  450—435  ) 

7.10 — 680 

730—690 

(435- 4ioX 
1730—665/ 


S90 — 480 
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Colour. 


Ji—yUsERAL    Cn.MMu. 


Red... 
Yellow.. 


t-'nflnninished  in 
Intensitv, 


/  570-550  I 


Somewhat 
Weaker. 

)IQ— 5yO 

550— 4'jo 

'  O.JO— 600  » 

}  500—460  {■ 
i  640—600  \ 

I  55° — -IQO  i 

.(720-^^0       I 

._i4io— Veml  , 


Ven-  \V«afc. 


4<»o — 460 

460—440 

/  7  J  0—640  1 
(660—5-0/ 


h-  eyes,  a.,d  a  pair  of  differcntl  •  e^,  '  T,  "'  '''''"  ^'»^d 
■nto  place  by  the  experiment"  '  T  I  ^''""  ^"'^  ^"PP-^ 
to  open  his  eyes,  being  cTrefn  .o  ™  '  "u^?'"'  "^^  "■"'  '°'d 
at  any  time  to  dose  o'ne  ey  "Lone  '  Oh  "'  """'■  """  """ 
made  regarding  tlie  colour  nf  n.  Observations  were  tlien 

the  room.  l/obse  ™  7^,;:  f'«;,^^.f  ""'"n  and  without 
erased  to  seat  the  observer  ,  ^-  ''"''  '">'"  'o  be  ex- 

Jhould  be  no  inte^fertce  /rom  ?;:f  "'f""  »  "■^'  "-e 
If  the  vertical  centre  bar  of  tl  ^'''  °^  ""^ '""''°»-  ^^h. 
the  field  it  was  found  thit  .,,1  '""'  '"  ^he  middle  of 

more  readily  distinguished  The th  "  ™  "'  '""  '^'"^^  "-^ 
window  at  the  beginning  If  the  ev''  "'^^  ^^^'^^  "t  the 
reported   the  appearance   nf  ''?™"''' "'"'' ''»''i"S  out 

generally,  i.e.,  wheZlrler'^r  ?  '"  ""^  ^'^-"  A^'d 
whether  there  was  anv  dtfi  /  ^^'"''  "'a"  "rdinarv,  or 
then  reported  thTappeLnc";  "''^'"'"^  ™'""  """'  »" 
-ape,  such  as  thefC  e"  s  f  St'":  "'f'^  '"  "«^  -<^- 
green  shutters,  a  red  brick  out,^^""' '"•"^'^  «•'"■  dark 
brick  and  stonework  of  tin  ''■  "'°"'  ^"<*  grass,  grey 

just  outside  the  wLow  A^rrn"'  '"'""^^'  ^  ^'«^ -"f 
made  of  objects  within  the  r^m  rr'  f  ^^-^^'i™  was 
handed  two  large  cards  nn7M  ,  J  ^"  ""^  °''^er^.er  was 
which  were  ^n^^^^t'^Z'^'j:^^^^^^^^         ?  -^^  °' 

^sS:if,^:n^:'rr^'---™^s 
-ofseverafoftn,r;c,trs::,ts 
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his  eyes  and  tell,  as  nearly  as  he  was  able,  what  colours  were 
before  his  eyes.  Finally  the  observer  closed  his  eyes,  the 
goggles  were  removed  and  he  was  then  directed  to  open  his 
eyes.to  look  with  crossed  eyes,  and  to  report  what  after-effect,if 
any,  he  saw.  Two  complete  series  of  experiments  were  made 
with  the  gelatine  colours,  each  for  a  different  observer.  In 
each  series  one  constant  colour  was  employed,  with  which 
each  of  the  others  was  in  turn  combined.  The  series,  however, 
was  not  carried  on  uninterruptedly,  but  other  combinations 
were  interspersed,  so  that  the  observer  was  not  only  ignorant 
of  the  actual  colours  of  the  glasses  at  any  time  before  his  eyes, 
but  was  not  even  aware  of  any  constant  colour  being  used. 
A  series  was  also  made  with  combinations  of  mineral-dyed 
and  plain  glasses,  which  was  not,  however,  arranged  in  any 
definite  order.  The  results  of  the  three  series  are  given  fully 
in  Tables  XXIX  to  XXXI. 

Three  other  observers  also  made  series  of  experiments, 
using  the  six  mineral-dyed  glasses  only.  The  results  of  these 
are  not  given  in  extenso,  as  their  general  character  is  similar 
to  the  results  obtained  by  the  former  observers.  None  of 
the  results  lend  themselves  very  readily  to  tabulation  in  more 
condensed  form,  owing  to  the  irregularity  of  the  effects  of 
the  combinations  of  colours  upon  the  colour  of  objects  in  the 
vision-field.  The  appended  summary  of  results,  however, 
is  based  upon  the  reports  of  the  five  observers. 

Table  XXIX. — Blub-Grben  (No.  8)  Before  Right  Eye. 


.IE:  't^ : 

Red 
(No.  I) 

Colour  of    j  Every  thine  looked  red  and  brighter  than  nor- 
SurroundinK  j      iSrY'    j*??'  ''"'^''  ''^"  appeared  brighter  red. 
Obiects.      1      i?'  ™™^  "a°  a  suggestion  of  yellow  over  them 
'             ;      There  was  no  nvalry  of  the  vision  fields. 

Colours  on  ;  No  good  green  seen  at  all.     No.  i  s  (a  dark  blue)  is 
Card.              the  jnly  good  blue. 

"oWs"'      Cannot   tell  what  colours. 

After-Effect 

With  Crossed    From  right  eye  red,  from  left  greenish. 
Eves. 
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Subject  of 
Report. 


Kesclts 


53 


Colour  of  • . 

,     OLjects.        "'  ">  """8  appeared  a  little  darker. 


I  Oranjfe 

I   (No.') 


I  Orange- 

I  Yellow 

(No  3) 


After-Effect  

_^n?r^''-H.,te,eH.3Mro,„  left  e.e  no  colour. 

j    Colour  of    :  l^^^^ril^^^iT^^^ 

'      t^'Wings  were  tinS  »itT  ■  P"* 'S""'' «'l">f 
L  Wck  appeared  pC^Ssh.'""        '"'  "^"^-^  *•>'««  ( 

i    Colours  on   '  No  good  bltie!     Nos   i    ,    ,  7 ■ — 

i        Card.  '8   and    I,    (violet   knj  ^; ',"!"'  5  ""ad  lustre. 

!    Colour  of       Could  not  tell  at  end  of  .,„." i 

!      Glasses.      ,       T;™"''  °'  fi^«  toprfssLn?'^,?/"^'!'^^ 

: !flf2i^low-green  ongl{'t''''S"'"'  "°'"  <>" 

After-Effect  ' 

jWith^CrossedPr^^Hghteye  blue,  fro„„eft  no  colour 


Yellow 
(No.  4) 


I     Colour  of 
■  SurroundinB 
j     Objects. 


I    Colours  On 
Card. 


Colour  of 
Glasses. 


house    was    a    mixture   of       n^'''"'     Yellow 

s?rtSeVi?S£r-V''"^'--' 

a  little  darker.^  ^  "'^'^-     Everything  | 

"laS;"-  6"'^d''fS^^^i^PP^^i^^dTJ;^| 
orange)  wrgoLi&rf.'Tg-"    ^?I!,'"'- 
violet,    ™let     and    violet-i,,;-^?,?       ''  ^^J"'' 

_f^fJ^mtl^tingeofviolet!'^^   '   *"^   '^^'^  I 


Blue  on  right,  green  on  left. 


:  After-Effect 

jWtth^Crossed ,  From  right  eye  blue,  ftom  left  no  colour. 


b'7] 
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Table  XXIX— (Comtinoed). 


Colour    ' 

Before 

Left  Eye. , 


Subject  of 
Report- 


Colour  of 

Surrounding 

Objects. 


Everything  a  little  darker.  Yellow  house  ap- 
peared dirty  yellow  with  a  little  green,  bky 
Dluish-green.  Face  pallid,  lips  almost  colour- 
less.    Not  the  least  rivalry. 


Yellow- 
Green 
(No.  5) 


Colours  on 
Card. 


I  No  red.  Red  and  orange  appeared  dark  brown 
I  or  chocolate.  No.  14  (blue-green)  appeared 
]      bluish-grey. 


Colour  of 
Glasses. 


Bluish  on  right,  green  on  left. 


After-Effect 
.With  Crossed ,  From  right  eye  purplish,  from  left  eye  brownish. 
i        Eyes.         [ 


j  (No     sun     shining).     Everything     dark.     Snow 

Colour  of     '       greenish.     Yellow  house  appeared  dirty  yellow 

Surrounding '      with  a  little  green.     Sky  bluish-green.     Face 

Objects.     {      pallid,  lips  almost  colourless.     Not  the  least 

]       rivalry. 


«__     I    Colours  on 
(No.  6)    I       ^'^'^- 


No  red.     Reds  were  brown  or  chocolate. 


%la^'    1  ^""^^  "°^  **"  ^^  ''"■■ 


I  After-Effect  1 

;With  Crossed  j  From  right  eye  purple,  from  left  no  colour. 

I        Eyes.         I 


„  ,  -       Everything    darker.     Red    brick    wall    greyish. 

Wiourot  gjjQ^    darter    than    usual.     Sky    had    leaden 


'  Surrounding 
;       Ojects. 


appearance.     Hand  looked  darker  than  usual 
with  greenish  lustre  around  edge. 


Blue         Colours  on     No  red.     Reds  were  dark  brown.     No.  13  (very 
(No.  7)  Card.  greenish-blue)   almost  colourless. 


I  Blue,  but  could  not  distinguish  sides. 


Colour  of       Yellow  house  looked  pink.     White  and  red  brick 

Surrounding        both   appeared   red.     Snow  and   sky   looked 

Objects.  blue.     Face  pallid,  and  no  colour  in  lips  at  alt. 


Blue 
(Na9) 


Nos.    a-s    dark    reddish -brown.     No   yellow  on 
card,     6   and    7    (orange-yellow    and   yellow- 
Colours  on         orange)    were    dark    brown.     No.    9    (green- 
Card.        I       yellow)  was  pink.     8  and  10  (yellow  and  yel- 
I      low-green)    were    dark  brown,     it    and    i3 
(green)  were  dark  grey. 


Colour  of 
Glasses. 


!  After-EflEect 
iWith  Crossed 
!       Eyes. 


Blue  on  right.    Could  not  tell  what  colour  on  left. 


From  right  eye  green,  from  left  no  colour. 
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Colour  of    I  n, 

Glasses.        "lue  on  left,  on  right  could  not  tell. 


After-Kffect  — 

^,W.th  Crossed;  Ftom  right  eye  greenish,  fro™  left  eye  red. 

I    Colour  of     "I  — ^ 

I  Surrounding !  '='™-ything  had   purple  tinee    »nH   w.  Jt 

:_Obi^      darker.     Snow  S-afhlul^rhanSs  Ssh!"'" 


Violet- 

,    Purple 

(No.  1,) 


Ob;  .vts. 

Colours  on      ., 

Card.        ;  "^"Bood red, yellowor blue. 


Colour  of    I  J  ~  '  ■ 

°'''^ses.     ;  '-"<:    blue  or  violet  ;    right,  could  not  tell. 


Atter-Elfect  

I  With^Cmssed :  From  right  eye  fain,  red,  fton,  left  eye  green. 


Colour  of    I  Shadows  from  trees  and  buildinm  were  ™™t^  I 
I  Surrounding  I      ™'«t-     Everything    darker  TkylSnE'?!^ 

Objects.     [      Wue-     Yellow    hoise    appeared    as'^^th,^ 
I  I      glasses.     Red  brick  wall  h1ffLmeydWi'n^t    I 


,    Purple 

(No.  I  a) 


Colours  on  j  "tatrr'So^  f  SI,  "?,'■  '  »"»  ♦  ""i  >H?ht 
"     ■  No   !;  r^^'K^P**""'''""")  «PPear«d  white 


Card. 


Colour  of     l~  ~  ■ 

Glasses.      I  "™'  °"  "«•".  purple  on  left. 

I  After-Eltect  j 

I  With  Crossed!  From  right  eye  green,  from  left  eye  brown. 
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Tabli  XXX— Yellow-Green  (No.  5)  Before  Lcpt  Evr. 


Colour    1 

Before    1      Subject 
Right  Eye;    of  Report. 

j                                   Resclts. 

Red 
(No.  0 

1 

Colour  of 

Surroundinf 

Objects. 

Whole  vision  field  darker.     Slight  rivalry  of  green 

and  pink,  but  green  soon  entirely  disappeared. 

I      Dark  yellow  or  brown  leaves  appeared  bright 

1      yellow.     Yellow  house  brighter.     Green  lines 

1      of  note-book  were  purple.     Sky  had  a  purplish 

tinge,  and  darker  than  usual. 

Colours  on  ,  Yellows    less    saturated.     Most    of   the  colours 
Card.        1      purplish. 

Colour  of    ;  On  right,  purple,  on  left,   could  not  tell,  but 
Glasses.      |      thought  yellow. 

After  ESect  i 

With  Crossed !  From  right  eye  faint  red,  from  left,  green 
Eyes. 

Orange 

(No.  1) 

Colour  of 

Surrounding 

Objects. 

Everything  darker.     Some  rivalry  at  lirst.  Later, 
colours    blended,    and    appeared    something 
between  red  a.id  purple.     Yellow  house  was 
lighter  yellow. 

Colours  on 
Card. 

18    15,  and  JO  (violet,  violet-purple  and  purple) 
had  nearly  lost  their  violet  or  purple  tone,  and 
were  of  a  dingy  hue.     No.  6  (orange-yellow) 
was  between  brovm  and  dark  yellow. 

Colour  of 
Glasses. 

On  right  violet,  on  left  could  not  say. 

After-Effect 

With  Crossed 

E>»es. 

From  right  eye  violet,  from  left  no  colour. 

Orange 
Yellow 
(No.  3) 

Ckilour  of 

Surrounding 

Objecu. 

(Sun  shining  brightly).     Everything  has  a  yellow 
tint.     Slight  nvalry  at  first,  but  soon  ceased. 
Green  fir-tree  dark  green,  but  more  yellow- 
gieeii  where  sun  shines  on  it.     Red  brick  wall 
appeared  dull  reddish-brown. 

Colours  on 
Card. 

Greens  nearer  yellow.     Blues  more  purplish. 

Colour  of 
Glasses. 

Slight     yellow    tinge.     Could    not     distinguish 
between  the  two  sides. 

After-EIIect. 

None  from  either  eye. 

Colour  of 

Surrounding 

Objects. 

Eveiything    had    bright    yellow    tint.      Yellow 
house  as  usual.     No  rivalry. 

(No.  4) 

Colours  on 
Card. 

Greens  more  bluish.     Nos.   a  and  3  had  slight 

Colour  cf 
Glasses. 

Both  eyes  had  yellow  glasses. 
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Table  XW     rr- 

-^AA— (CONTI.VUKD) 


Subject  of 
Report. 

I    Colour  of 


Kesl'lts. 


I  Green 
I  (No.  6) 


Hand  pallid. 


I  Green- 
Blue 
(No-  ?) 


Blue 
,  Green 
I  (No.  8) 


Colour  of 
I  Surroundini? : 
;     Objects.      ' 


Colour  of    I  I 
Glasses. 


:  No  after-effect. 

;  Everything  much  darlter  =„j  i.  J ' 


,    Blue 

(No.  9) 


Coloi..  of 
I  Surrounding 
I     Ojjects.     ; 


Colours  on 
Card. 


Jad  nomal  ISrance     sC'*  ^'"°"'  ''"'''''"S  I 
Wxs.     (It  was  Sv  if^ht  S'  'PP^ared  dar£ 
had  a  pallid  apSncf  '  ^'"'S^'y)     Hand 


C'T"  >o"n  ceased.    Sno« 

"aa  normal  aoDearan^a     ci""* -' — "  """uine 
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TaBLB   XXX— (CoNTISUiD). 


Colour    I 

Before    I 

Right  Bye; 


Subject  o( 
Report. 


Results. 


Violft 
(No.  10) 


Colour  of 

Surrounding 

Objects. 


Colours  on 
Card, 


Colour  of 
Glasses. 


Colour  of 

Surrounding 

Objects. 


Everything  had  a  haiy  appearance  with  a  little 
violet  tinge.  Yellow  leaves  seemed  very  bright 
yellow.  Yellow  house  had  a  slight  tinge  of 
green.  Hands  looked  a  little  darker  than 
usual.  Occasionally,  looking  past  the  edge  of 
any  object,  e.g..  ch-mney,  there  appeared  a 
purplish  tinge  approaching  red.  The  violet 
tinge  to  everything  disappeared  and  agun  re-ap- 
pearvd.  On  its  re-appearance,  the  hands  had  a 
distinct  purple  tinge,  and  experimenter's  lips 
were  slightly  blue. 


No.  13  (green)  was  yellow  with  slight  greenish 
tendency.  No.  17  (blue-violet)  was  'dark 
blue." 


On  right,  light  blue,  on  left  could  not  tell. 


Violet  from  left  eye,  no  effect  from  right  eye. 


(Experiment  performed  on  a  dull  day.)  A 
purplish  tinge  over  everything,  gradually  grow- 
ing lighter  ;  right  side  a  little  darker  than  left. 
Dark  yellow  feaves  appeared  bright  yellow. 
Face  looked  death-like,  lips  as  though  almost 
bloodless. 


Purple. 

(No.  13) 


Colours  on    i  No.  1  appeared  bronze  or  brownish-orange.     No. 
Card.         I        10   (yellow-green)   was  a  pale  yellow.     No.  la 
;       (ereen)  was  yellowish-blue.     Slight  lustre  from 
i       Nos.  a  and  3. 


Colour  of 
Glasses. 


1  On  right,  light  pink,  on  left,   -ery  light  pink. 


After-Effect. '  No  after-effect. 
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Taile  XXXI. 


J9 


Colour  of 

Surrounding 

Objects. 


Colour  of 
Glasses. 


The  whole  lision-fuld  had  a  purolish  tin» 
and  the  light  wa,  dimmer.  G?a,,  X™ 
u"Cai"'"The°"e;l"'"'  """'  '■•"■'"■i^''th"„° 

the  yellow  house  com  ce,  etc  whitel  «•« 
about  normal,  the  colour  being  darker  than 
rememl»re,l.  Sky  appeared  purpli'h  the 
tSnVT"^  T"  P'-  "'i-^nt'in'sidde^; 
tummg  to  look  up  at  t.  Hands  had  an 
_    """"'ural  .pptarance,  hardly  describable 


Cannot  tell  anything  about  colour  of  gli 


asseR. 


. After-Effect.     Very  bright,  but  no  after-i 


Colour  of    i 

[  Surrounding 

Objects.     ; 


Sky  seemed  a  brownish-red,  getting  darker 
Vellow  leaves  seemed  dark  brown  fn  centre 


Colours  on 
Card. 


No.  10  (purple)  was  purplish-red. 
was  normal. 


II  (green) 


;  On  right  a  shade  of  red,  on  left,  green. 


After-Effect.  •    'ni!<'linite  impression  of  colour,  quickly  di«- 
'       app«»nng.  Nb  distinction  between  the  sides. 


:  T''J,'«''P<'"n>=n'.»;M,Pertormedonadarkday 

I    Colour  of    I       '"Iff'"*?  a  P.in'nsh  tinge  gradually  growitig 

!  Surrounding  (      ''f  •""■•.  «''=  "Kht  eye  being  a  little  darker 

;     Objects.      I      '""  the  other.     The  darl  yellow  leaves 

j      appear  light  yellow.     The  experimenter's 

,      face  appeared  corpse-like,  the  lips  bloodless 


Colours  on 
Card. 


Nos.  3  and  3  had  lustre. 


Colour  of 
Glasses. 


h 


On  right  eye  light  pink,  on  left,  very  light 


.  After-Effect.  '  '-'"'''.  ''''"^'  '*  ">at  on  remoWng  glai 
' ;      thing  IS  brighter. 


e=  every- 


This  experiment  was  performed  on  a  dull  day 
On  opening  the  eyes  the  right  eye  seemed  to 
have  a  shade  of  yellow,  the  left  having  a  very 


Colour  of 

Surrounding        ~,t  v"  ~ "'"™"  "*  j^""",  hicjcili ,„. 

Objeci  s.      ;      *"K''«  "n?«,  of  the  same  colour     The  effect 


on  the  nght  eye  seemed  to    be    growing 
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Ta«l«  XXXI— Continiiid. 


Colour. 

Subject  of 
Riffht  :  Left        'Report. 
Eyo      Eye 


KRSL'lTt. 


J        Colour  of       In  right  eye  light  yellow,  in  left  very  inJeSnite, 

O  UlABIM.  anri  fnii\A  ha*  *.II  n.k-. I ^i 


and  could  not  tell  what  colour  ,if  any. 


After-EBect    "'"f  fnnoving  glaiMi  and   blinking,   very 
faint  tingo  of  purple  (negative  after-image). 


Colour  of  On  opening  the  eyei  the  viiion-field  seenHd 
Surrnunding  lomewliat  darkened.  Rivalry  of  yellow 
I     Objecte.  and  blue  followed. 


Coloun  on 
Card. 


No.  13  (green-blue)  wai  a  pate  blue,  but  with 
no  green  in  it.  No.  13  (a  green  near  to 
yellow)  was  quite  yellow. 


Glasiei.      '  ^  "***'  violet  or  blue,  on  left,  cannot  tell. 


:    Colour  of 
Surrounding 
I     Object!. 


Eve,-ything  appeared  brignter.  with  pink 
shade.  The  yellow  house  is  rather  a  dark 
yellow.  The  colour  of  the  (green)  shutters 
could  not  be  determined.  The  experi- 
menter's face  had  a  bluish  tinge,  as  if  cold. 


Colours  on 
Card. 

jlour  of 
Glasses. 


j  Reds  had  lustre  effect. 

was  "  light  green." 

I      was  a  givyish  blue. 


No.  10  (yellow-green) 
No.    13   (green-blue) 


On  right  eye  blue,  on  left,  green. 


Summary  oj  Results,  i.  Competition  or  rivalry  of  the 
vision-fields  is  never  prominent.  In  some  cases,  on  first  open- 
ing the  eyes  there  was  a  slight  straggle  of  the  impressions, 
but  this  soon  ceased,  and  after  a  few  moments  the  competition 
was  no  longer  observable.  The  observer  was  frequently 
tmable  to  distinguish  between  the  colours  of  the  two  glasses, 
even  when  attending  exclusively  to  this  point. 

2.  The  result  of  the  mixture  of  the  two  impressions  was 
not  usually,  as  with  the  former  method  of  binocular  mixture, 
to  produce  a  colour  midway  between  the  two  that  were  com- 
bined. Sometimes  the  total  impression  would  be  quite  neai 
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not  always  that  pr^uced"  y  ot    r"  l!^'"'   ""  '-""  "^^ 

3.  The  colour  qualitv  ,7.1  ""*^'  "'  "»"'"« 

vag...  Coloured  ^bS  1  ^,^:  ^"f "  -»  "-ally  very 
to  have  a  different  appearance  fro!  h  ""'""  ^"^  """'«' 
•ttempt  .0  ,e„  wha.TsTi^.ororiirr'"''''  *""  "- 
eyes  was  seldom  successful     nf?       •       '"  '''"'"*''  ''efo'e  the 

one  side  that  the  ob™"ouldr  "7""  ""'>■  ^"""'"i-K 
dom  did   his  judRtnem  onr?     '^  ?  "  '^'"'^''^  "P'nio"-     Sel 
Sometimes  he  lou'lTb    ^^T^  ^^  '"f  f  J«"ve  facts, 
wrong  as  to  the  other.     And  even  u^  "'  ""  "'''""■  '"" 

as  to  the  colours  of  both  gasl  " ,?.       "PP^^^ately  correct 
regarding  the  eyes  befo  e  w  iTc  h  the  "'■'"  ''"  "'"""'™ 

presented.  "'"  "'^  respective  colours  were 

note^onM^"™s'phrom  ■""'"""™  °'  "  '-'-  effect  is 

orange.colour..d  s  rffc  (~t  IT""'  ""''  """"  ^'^  - 
of  small  area.  It  was  mo^w'  ,  °'  '*'™  "'"'  P'-T'le) 
on. the  card  that  it  ir  'o'ticT "  '^-='"  coloured  dTsci 
plainly  seen  upon  the  very  smeif  ,  uT'  '"'"■'^"'  """e 
-Wing  round  a  stone  c^-tt'::SLr:;j^-:r'-. 
"I.   STEREOSCOPIC    I,USTRE    KROM    DIFFERENCE    OK    ,vt» 

;-  -  -Ot;R  BETWEEN  THE  R^lLriM^r '" 

upon  the  production  of  U.ZTu^^  ^""^  experiments 
•^etween  th'e  imagTinlh  "  '^  eJes^'Tfrh  "'  "If  "^" 
that  connection  was  su<r<-P«t»H  .      .l  "''^''  ProWem  in 

n.ents  in  binocular^  e  to^U'V^n'd  °'  '''  ^^P^"' 
section  of  the  present  article  aI  ^^  '"  ^  Preceding 
occurred  quite  f^^que^W? "streVcr'S  '""'■  '!"" 
examination,  appeared  to  be  due  •  "<;  '  ?°"  '='°'" 
»o  slight  as  to^ve  other!,ise  ""'  "^  '«^°^'y 
oinerwise      ,          unnoticed.     In   the 

■  University  „,  Toronto  Studio!  Psyeh.  Scries,  Vol  u  No  , 
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experiments  upon  sttreoscopic  luitre  with  uncolourcd  llslit, 
such  very  shght  differentes  o(  briKhtness  had  not  been  found 
to  produce  the  phenomenon,  so  that  it  seemed  probable  that 
the  effect  would  appear  with  smaller  differences  of  brightness 
where  there  is  also  a  decided  difference  of  colour.  This  ques- 
tion was  investigated  by  a  method  similar  to  that  employed 
in  the  experiments  »..h  white  light,  the  only  difference  being 
that  on  the  rear  wall  of  the  apparatus,  in  place  of  the  squares 
of  white  paper  and  black  velvet  respectively,  there  were 
placed  squ'arcs  of  differently  coloured  paper.  The  objects 
were,  as  before,  etchings  on  plate  tjlass  (Fig.  4).  The  two 
pairs  used  both  formed  truncated  pyramids  with  the  apices 
toward  the  observer.  Seven  colou.s  were  used,  chiefly  of  the 
Milton- Bradley  series,  viz.,  red,  orange,  yellow,  green,  blue, 
violet,  and  purple.  These  were  illuminated  by  an  8  c.p. 
incandescent  electric  lamp  on  eachside  of  the  apparatus.  The 
colours  obtained  by  this  arrange-ment  were  of  course  by  no 
means  spictrally  pure,  but  th^y  possessed  the  additional  in- 
terest of  being  more  lilic  the  colours  commonlv  seen.  The 
spectra  reflected  by  the  papers  under  the  prevailing  con- 
ditions of  illumination,  and  their  comparative  intensities, 
were  as  follows  : — 


Nun.  ol  C..l..iir. 

Cnmpftrativf 
InMiMity. 

PoTllan  ol  SpKtnin  Vi.fbJ*  In  ^/< 

Rtd 

360 

680-480    (640) 

Oranue 

360 

670-sso   (590-600) 

Yellow 

S"> 

670-500   (570) 

Green 

3"> 

650-ioo   (530-540) 

Whole  spectrum  dimly  visible  (500). 

Blue 

US 

Violet 

•  80 

Whole  spectrum  visible — yellow  and  yel  - 
low-green   very  weak. 

Purple 

180 

Whole     spectrum     visible — yellow     and 

One  colour  being  placed  opposite  the  inner  lens  of  the 
stereoscope,  i.e.,  the  one  before  which  the  episkotiste''  disc 
revolved,  and  a  different  one  opposite  the  other  lens,  the  disc 
was  then  adjusted  to  admit  only  a  single  degree  of  light,  and 
the  amount  gradually  increased  to  the  largest  amount  that 
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of  the  seven    colours     in    ,.i      1  '•><'>»  nu-ans  each 

combined     wi^^^i/:/    /''X,  "'th''^'''"T'     "-' 
™mmari«<l  i„  Tables  XXXI    ,„  v   v      .         , ''''""''     "'■'' 

the  lustre  was  reported  as  ".leeided "  or  •perfeef' it  conHmlfH 
so  as  the  opening  of  the  ,lisc  widened  .1  up™"  Z» 
The  colour  named  in  the  heading  of  the  table  is  in'eael,  eTse 
the  colour  before  which   the  episkuti.ter  was  rotated      he 

:!:z::'ZT  "■'  '^^  '•""-"  •"  "■^'  -•"-  -  «■•- 

whi  e  w,  h  coloured  light.  In  one  of  these  the  white  was 
behmd  the  episkotister,  and  the  colour  remained  constZ 
m  mtenstty    m  the  other  the  white  was  constant  and  the 
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Table  XXXII— Red.     Observer,  W.A.M. 


;                              Ratio  or  the  in- 1 
Compuvd       .  ppFDing  of  tha     Mnaitiea  of  tbo 

j           Dim.           fo  the  respective 

'           Eyiw.         1                          [ 

Orange. 

10" 
30" 
40° 
60° 

36.00 
iS.oo 
9.00 
6.00 

None.         1         Partial. 
Slight.                    Do. 
Bnghter.           Good. 
Good.                    Do. 

Yellow. 

30' 
60" 
100° 

■0-33 
S.16 
3.10 

None. 
Slight. 
Decided. 

Imperfect. 
Good. 
Do. 

Green. 

8" 
lo*- 
6o» 
100* 

40 .  00      j    None. 
33.00       I     None. 

5-33       i     Slight. 

3 .  ao       ]     Perfect 

Partial. 
Complete. 

Do. 

Do. 

1    'S    !   'Ill 

>  None      ;         Partial. 
1  occurs.           Good. 

V-'"       1     III        '1:11 

\None 
/  occurs. 

Partial 
Good. 

\           to"         \         18.00 
Purple              1           40"          !           4.50 

\None.     j        Partial, 
/occurs.            Good. 
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Table  XXXIV.— Yellow.    Obsuvbe,  W.A.M. 


"S^ 

lUtio  or  tha  in 
Ommi  pi  Ihe     Uniitiet  of  lb 

1           E«.. 

Liutn. 

8MnoL.>opio  EflMt. 

Red. 

lO*" 

": 

40° 

41-80 
24.64 
■3-93 
10. 45 

None. 
Slight. 
Better. 
Good. 

Partial. 

Do. 
Good. 

Do. 

Orange. 

10° 

30° 

41.80 
■3.93 

)  None 
J  occurs. 

Partial. 
Good. 

Green. 

10° 

30° 

3716 
IJ.38 

Slight. 
Good. 

None. 
Partial. 

(Never  becoraei 
perfect) 

Blue. 

6° 

It' 
90° 

J4.19 
9.67 
a. 41 
1. 61 

None. 
Do. 
Slight. 
Decided. 

Poor. 
Good. 

Do. 

Do. 

Violet 

8° 
■5° 

15.80 
'3-93 

INone 
f  occura. 

Partial. 
Good. 

Purple 

6° 

70° 
90 

34.83 
•3-93 
31S 
a. 03 

None. 

Do. 

Slight. 

Good. 

Partial. 

Do. 
Perfect. 

.Do. 

[»3o] 
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""     0»sH«vEB,  W.A.M. 
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Table  XXXVI.— Blue,     Observer,  W.A.M. 


Ratio  of  thfl  in- 
ronmnHHl  OMfiini  of  the      Wiwitien  of  the 

rJl    Jir  Epwkotwter      nhimtfi  prenentsct  Lustre 

"  ■  Disc.  to  the  wpective 

Eyes. 


Orange. 


Violet. 


Purple. 


Stereosoopic  Effeot 


■5° 

70.7a 

None. 

S<= 

">73 

Do. 

80° 

12.96 

Little. 

90° 

11.5a 

None. 

Poor. 
Partial. 
With  effort. 
Perfect. 


60° 
90° 


17.18 
11.53 
4-79 


N'one. 
Little. 
Better. 
Very  good. 


Partial. 
Complete. 

Do. 

Do. 


148.80 
89.18 
21.32 


60° 
I40» 


6' 
15° 


61.48 
■3  36 

6.58 


86.40 
34. S6 


8.64 


None. 
Do. 
Slight. 
(Never  be- 
comes good.) 


Partial. 

Complete 

Do. 


None. 
Little. 
None. 


\  None 
I  appears. 


With  eflfort. 
(Never  com- 
bine perfectly.) 


DifficvUt. 
Perfect. 


With  effort,  and 
so  throughout. 
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Table  XXXIX.— R>d.     Obsbrvbr.  P.B.T. 


"^r" 

"ffiMiJ* 

R»lo  ol  tl»  ta- 
tmsitiM  af  th* 
obJMUprtMntBd 

""•sr"" 

Liutr*. 

Stmvoseopie  Effeet. 

Orange. 

30* 

36.00 

30.60 

13.  00 

None. 
Slight. 
Good. 

Partial. 

Do. 
Complete. 

Ye:low. 

10" 
50° 

31.00 

■  SSO 
6.ao 

None. 
Slight. 
Good. 

Complete. 
Do. 
Do. 

Green.             1          20' 
1          io° 

36.66 
16.00 
4.00 

None. 
Do. 
Partial. 

Slight. 

Good. 

Do. 

Blue. 

10* 

13.50 
S-43 

None. 
Do. 

Partial. 
Complete. 

Violet. 

6° 

30.00 
10.38 
6.00 

None. 

Do. 

Good. 

Partial. 
Complete. 
Do. 

Purple. 

"5° 
30 

1 3. 00 
6.00 

None. 
Do.  ■ 

Partial. 
Complete. 
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Computd 

Colour. 


Red. 


Yellow. 


Table  XL.— Orangb.     Observer,  P.B.T. 


n™»i        ,  ^.     ,  R»tio  of  th«  in- 1 
EpiRkot»t«r     objwM  prmmtMl 
Uwo.  to  th*  mpeetive 

i  EyM. 


Luitra. 


Green. 


Blue. 


Violet. 


Purple. 


ISO" 


6* 
is" 

50! 


60.00 
3  .40 


'     None. 
•Twees. 


3'  -oo 
16.50 


None. 
Do. 


32.00 
5-33 


None. 
!   Same,  never 
becomes  good. 


Stcrvoaeopie  EHmI. 


Complete. 


Partial. 
Complete. 


30.83 
to. 41 
6.35 


None. 

Fair. 

Good 


:     None. 

I  'Slight  traces. 


30  00 
13.00 
3.60 
3.00 


None. 

Do. 

Do. 
Slight. 


Complete. 
Va. 


Complete. 
Do.' 


Complete. 


Slight. 

Fair. 

Good. 


•J  Pn™^'"".'!'"'''' '""?"  '""  l>riijitne«i  or  tl»  obJKt 


becomea  very  decided. 
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Table  XLI.— Vi:i.i.ow.     Observer,  P.B.T. 


(                                     Uatioof  thinii-l                                      1 
1  Oiwniniiodhe      tenF<iti<-i>  <>f  Ihn                                    ' 

Culuur.                       U'lae.            tu  the  reuppoti^e 

Red. 

8*                  53.35       '     Slight. 
40'                   10.45            Good. 
100°                    4i«       1     Very  good. 

Sli«ht, 
Complete, 
Do. 

Orange, 

6*              ,  60.67       ;    None. 
,5"                 37.87       .      Do. 

Partial. 
Complete, 

Green. 

13  J°                  24.73       '     None. 

Complete. 

Blue. 

6'                   a-t-K)       !     None. 
10*                   14- 5»       1  *Slight. 

Imperfect. 
Complete. 

;             6'          1         .14-8.1       i     None. 
Violet.             1          lo"                 ".35       '      Do. 

iio"                     1.55            Extremely 
:           •                                        ;         Slight. 

Partial. 
Complete. 
Do. 

1            8*         '        35.48       ,    None. 
Purple.             ;           30*          ■           6.96       |       Do 

1           50*                    4-i8       ;     Slight. 

Partial, 

Good. 

Do. 

•  Abovt  10*  iban  wm  luitrt — somttimM  moi«.  Kimr tiin«ii  k"«  deoitled— but  never  (ifHeol, 


Orange. 


Violet. 


Purple, 


Table  XLII.— Green.     Observbh,  P.B.T. 


I  R»titi  of  the  in- 
,        ;  Openini  of  the  :  tfnBJtif  1  of  the 
Compkred  Epinkittiatcr      ohjwjtM  pr««nl«i, 

Colour.  I  Uinc,  to  the  wupwlivei 

I  Eyes,         I 


i  Stereoscopic  Effect. 


50.63 

33-74 

2   53 


None. 
Do. 
Very  slight. 


Partial. 
Complete. 
Do. 


1         '^'' 
I         40* 

33-75 

10.  13 

1    None. 
I       Do. 

Partial. 

i      Complete. 

1       ^^l 

1         40 

»3.35 
8.73 

1     None. 
!       Do. 

;      Partial. 
!      Complete. 

10° 

14.06 

None. 

Complete. 

30.35 
■  3-50 


None. 
Do. 


Imperfect. 
Complete. 


16.89 
10. 1 1 
3-37 
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Do. 

Faint. 


Partial. 
Complete. 
Do. 
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^       ,        ,  ^       IUti..<rfrh»m. 

Culour  '     I:.pii'hi."«ttr      <.tjwt-.(jfpptnlMl 

l'i"C.  ti)  111*  rntiMTtiv* 


Orange, 


Yelbw. 


Green. 


Purple. 


Srrr^MCtipic  Kffecl. 


70° 


>5° 


50° 


t  3  r) ,  60 
.?4  ■  5"^ 


51.84 
35.93 

14. 8j 


t ti .60 
Sg.a8 


36.80 


35.93 
10.36 


10.  j6 
5-76 


Partial. 
Complete. 


None, 
SliKht. 
Goorl. 


Partial. 
Complete 


Slight,  never 
I  becomes  good 


Partial. 
Complete. 


♦Complete. 


None. 
Do. 


•Partial 
Complete. 


None. 
Do. 


•Slight. 
Fair. 


•Blut  very  dark,  limi  nut  cleirly  vi.ible  with  .miliar  <>i>etiln«i. 


Table  XLIV. — Violet  .     Observer,  P.B.T. 


Cflmpmrwi 
Cui.>ur. 

,  HaIu)  of  the  in- 
Opening  p/llw  1  ien«it»,.of  the 
EpiKkotuter     'obJMto  pieMiiletl 
I>u>o.          ;to  the  re#i>«ciU-e 
1           Eye.. 

Lualre. 

Red. 

8"         1         90.00 
30"         1         36.00 
60*         1         1 3. 00 

None. 
Slight. 

Imperfect. 
Complete. 
Do. 

Orange.           ',          60" 

!     ioo°-i5o* 

36.  .0 

12.00 

7.20-4.50 

None. 

Do. 

•Faint. 

Imperfect. 
Complete. 
Do 

a° 

Yellow.            1          '"l 
1          "90° 

77  so 
31.00 
10.33 

3-55 

None. 

Do. 
Faint. 
Disappears. 

Partial. 
Complete. 

Do 

Do. 

Green.              1           '"! 
20 

64.00 
32.00 

None. 
Do. 

Partial. 
Complete. 

B-       1     'S 

16.66 
312 

None. 
Very  faint. 

Complete. 
Do. 

Purple. 

;^° 

24.00 
5"4 

None. 
Do. 

Fair. 
Perfect. 
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Tail«  XLV  — PuiiPi.1.    Oui«v»,  P.B.T. 


"sss- 

Rulo  ol  lb  la- 
OlMBiiic  of  the     uiulllw  at  tte 

Luxra. 

Red. 

70° 

60.00 
10. a8 

None. 
Do. 

Partial. 
Complete. 

Orange. 

15°         1        48.00 
ao*         1        36.00 
6o*         j         I  a . 00 

None. 

Fair. 

Do. 

Partial. 

Do. 
Complete. 

Yellow. 

I  a*         1        5a. 00 

■74'         1        3'-5" 
ao*         1        31.00 

None. 
Slight. 

Imperfect. 

Do. 
Complete. 

Gieen. 

la" 

ao° 
50 

53-33 
33.00 
la.to 

None. 

Do. 

Slight. 

Partial. 
Complete. 

Blue. 

ao« 
lao' 

ia.50 
a.oa 

None. 
Do. 

Complete. 
Do. 

Violet. 

ao» 
a4o° 

18.00 
1.1a 

Faint. 
Increases, 
but  still  weak 

Complete. 
Do. 
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Taii.1  XLVI.— Whiti.    Oninvo,  W. 

(WhIT»  CHANOINO  in  INTINIITr,  COLOUll  COKITANT.) 


■Mini  nt  llM 
4iUkatliit«r 

DIM. 


Rulo  of  Ika  l>.  I 
tM>l||w  flf  tiM 
nbjMU  prMfnwdj 
tlvj 


Red. 


Jio»-J7o» 


Orange. 


Purple. 


*  jSS***'* 


HurtMonpia  EJInt. 


360.00 

90.00 

>>-85 

■■7'-"   .H 


None. 

Do 
Faint. 
Good. 


Partial. 
Complete. 

Do. 

Do. 


30° 
80° 


80. 00 

33.00 
■•»3 


63.50 

30.83 
8-33 


QO.OO 

45- 00 

35.71 
■  •63 

■73 


180.00 

45.00 
33.50 
6.  CO 


180.00      .None.  Complete. 

40.00       1  Faint  (never   '        Do. 
becomei  good)         Do. 


■55  00 
31.00 


None. 
Slight. 


Complete. 
Do 


None.  !    Complete. 

Faint.  Do. 

Very  good,    j  Do. 


None. 
Slight. 
Very  fair. 

None. 
Do. 
Slight. 
Brighter 
Good. 


Complete. 
Do. 
Do 


Partial. 
Complete. 

Do. 

Do. 

Do. 


None. 
Do. 
Slight. 
Better. 
Very  good. 


Partial. 
Complete. 

Do. 

Do. 

Do. 
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(\V„,t7'"'"  •''"■"  -Whit,.     0.,„v.,,  w 

(WIIIT«    lONSTAXT    1.V    IKTBNaiTV     <•„. 
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""■".NSCV  :    ST«KB.,sc.„.,c   \',Mo.v 


appear..,  „o  „r ^  T fc'  ""'"r^""^  ""  '"-c 
limits  (vcre  from  cqualitv  L        """«•""•  of  intcnsitv      (The 
dimcul.  ,0  account's  Th",,:;:':  "'  ', '"  ^-'      ^hi,  J„ 
app^-ars  or  fai,.,,     „„  „,^  ^'^^;"".f '""»  »"'l'  «l,ich  ,„e  ,„„„ 
'"  most  of  „,e  cases  where  „oVu„>'  '^""""^  '"  ""'^  '"« 
eUlH;r  son  «« „at  „ear  each  ot  ,c     n  "'^T  "'^'  ^'o""  a™ 
;ead.y,  „,  „^  ^^^  nearly  co„S  '",'""•■■  *  ""  '»  "« 
"'c  strongest  rivalry.     The  „  "' ,      ^  '"^■'  ""  "^  t"  P'oduce 
«:«'  no,  Kreat  enough,  no    thetr,      "'''^■"'"^"'»'  "°--e" 

^""Khtness  m::^;;:  r  ^^^i::::;  ^""  ^-""  ^"^-nces 

required  with  uncoloured  liM?  ["""''', '"'P'''-^^"""'  than  were 
;erve,,,   „„en  .^ood'    lustrf  ^-a^r     "'  '*■     '^^  "^'"^'^  °^ 

thediscwasopenedtoitsful  St,"  ,'/"'".  "  '■''""""'^''  "" 
as  when,  for  example   red  wlh  .  •^"''  '"  '"""^  cases 

the  other  side,  this  meant  ,.7.?,?  '•'"''  ""■  '''''  "'"^  K^een  on 
«?-•.  The  lustre  waTfre  th^  "l-;''/-  -™  Pr-.ica.; 
"ded  ■  when  the  intensitiesof  .^7^  "'  "'°^"  "'  ■"- 
°M  to  ,.     With  uncoloured  uJ,  f^''  "'"'^  "'"'"  as  3 

at  all  appeared  unless  one  r«,n'l  I  ""^^  ™"'^='^'  "° '"^'re 
fmes  as  bright  as  the  othe  Ind  TZ.T  '"""  '>^  '-  3 
«t.o  of  at  leas,  9  or  ,0  to  7'  ^^     ^"''''  ^'^"'"d  a 

3-  Lustre  does  no,  occur  viiti,  , 
tensity  in  coloured  as  in  uL  r         .  ^'''"  '"Terences  of  in- 

the  upper  limit  is  much L"rl"^''V,.'"''^'  '^  ">  -"• 
was  scarcely  ever  good  when  T  '"  '"*'''*■     ^he  lustre 

-  or  1,  .imes  as  bright  "lireohT""'?"  ^''  """^  «"- 
50  ,0  ,  is  the  extreme  upper  limit  for  ,r  "  ''''"  "'  '"~"t 
lustre  at  all.  With  uncolou  edTl  ^  ^PP<^«^^nce  of  any 
upper  limit  for  good  lus"  e Tad  d  '  °"  "'  "'""  "''"'l.  '"e 
^-  any  lustre  a,  all  the  ^p^^^irmltt^  a^^u't",:::  [o"  i  ^'^ 
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4.  The  opening  of  the  disc  required  for  the  production  of 
the  stereoscopic  effect  is  greater  when  the  images  differ  in 
both  colour  and  brightness  than  when  they  differ  in  brightness 
only.  The  complete  combination  often  required  an  opening 
of  30°  or  40°,  or  even  more,  while  not  even  a  partial  or  in- 
constp  »  combination  in  many  cases  appeared  with  an  opening 
less  than  15°  or  20°;  whereas  reference  to  the  corresponding 
tables  regarding  uncoloured  light  shows  that  a  partial  stereo- 
scopic effect  appeared  with  an  opening  of  2^°  to  9°,  and  the 
complete  effect  did  not  require  an  opening  greater  than  14° 
to  18°.  From  Tables  XLVI  and  XLVII  it  will  be  seen  that 
this  phenomenon  re-appears  even  in  the  combination  of  white 
and  coloured  light.  A  partial  stereoscopic  effect  was  fre- 
quently seen  with  an  opening  of  only  1°,  and  complete  stereo- 
scopic combination  commonly  did  not  require  more  than  4°. 


[242] 


